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SUMMARY 

Till' tomato pillWOl'll1 (Ill'ij'I'I'I'(t, 1,ljNJII/l/wir:dla. (BII~ek) )." ",ltidl Il'liS 

fil'!-;t rcpol'il,d ill til<' l~lIill'd Stall'~ fro II I IIlI\ll'I~i:d COllllt,)'. Calif., ill 
I!J~:J. Il0W Otl'II1'S ill lIill(' Siall's ill litis i.'Olllltl'V Hlld ill lI:!waii. Haiti. 
)ll'xi('o, alld 1'('1'11, Lal'\'al' of tltt, Pl'st Itavl: bl'l'lI 1IIII'n'(:pll'lI ill to
lllalo!'!'; 1'1'0111 tltt, Balt:i1l1as alld /'1'0111 C\llm. 

Hl':!\',\' 10~'N's l'allsl,d hy pirl\\'OI'lIlS atta('kill~ \olllato fruits Itan' 
tll'('I1I'1'l'd ill soullH'l'1I Califol'llia hotlt 10 th(' ('adr- aliI! lal('-:«'I\SOIl 
t'l'1I!,S. Sill!'I' a \'011 1 W:\(;. howl'\'!'I'. 111l' los:<l's h;'\'I' 111'('11 ('Olllil\('d 
pl'illl'ipally to tltl' 1:lll' l':llIllil\)! :111<1 Illarkel' l'I'OpS. 

Tomato alld potalo an' tl\(' Pl't'I'l'I'l't'd hhst plallls, altllllligh al'lllal 
dalllllgl' to potato i!; Hilt l'Oll1l1l01l, 

TIll' tomato pill\\'OI'III is a ll'a f lllim'l' aml kaJ !,oldl'l' whi(,1t 11I1I'\'s 
into thl' frllit dlll'illg- /II(' latl('t' Italf of its lal'nrl j'sist('I1('(', LI':iI' ill
jill'." is lIot oftl'" st'l'iolls. 1>:\11111)!l' to each frllit is lIot g!'l'at. at first 
"lit IIslI:lIl", ('allSl'S dl'ell,\'. all<l (.!\(' 1"'l'!,;l'lIl'(, of ill:<l'l'is or ill!"('!'\ illjlll'Y 
is ,,"jt'd iOllabll'_ 

Tltl' l'ifl\\'qJ'lIl ('g-g, II'hil'h i;:.; slwll' alld light {'olm'('(1. is ~'('Idfllll :«'1'11 
ill tl\(' til'hl. 'l'hl' lal'\'a is IIltl':\ ash gray with dal'k-plIl'plt.- SPlItS. '1'111' 
ad"lt is It sllIall g-ray IIInth aholl\' o/l{'-fOlIl'th jilt''' IOllg, TIll' IflIlI:llfl 

I ~llhlJllr It,d for 1'"loll<-lIlio" )111,\' :'H, l!H:I. 
:','111' HllthnlOH a("klln\\'''·tI~,· 1'.t' ulh'it'" nf lCu.\~ I·:. ('nmph,-II. (-lIt"lIInlt1:.:.i~l. IhlrbulI tlf 

Enlullwln;:r nlltt l'luut C~lInl·allthH'. HIHh' .. \\hu:-;,' ~lIl)'-I"'i~inll Ihi~ ill"I':-:Ii:.!:lliuH \\,:1;-( IImd,', 
'l'huI,k:-: a'·... al~n -dIU" ~lillnll It" iiH'. \\'illi;1l1t "uhlt. itultt,-I'I 1·:I11;.!.', .Il1hn ~1;IIHli:.:h. :11111 
,,"lIlhIlU·HHIIU,', who Hs:dstl-,f with lilt' W"I'J~ al .Htl"'rt"ut fillu!~. 

~ Onh' .. I.t·phlnllh·,'U, fumil~' t ;t'h"'I!ii&~~~ ".. ~~ 
:.;:~fit}~--I:~--l :...... ~ Iq"i~,
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pinworm spends the winter or its resting stage as It pupa at or Ileal' 
the sul'fuce of the soil. In California development of ull stag-es mny 
continue on tomato plants when temp~ratures do not reaeh the freez
ing l'oint. The moths begin to lay cg:.,"B on the leaves of lIew plants 
in Murch and April, and leaf minmg and leaf folding- follow ill suc
cession. 'l'his insect is able to develop and incl'(~a~e ill lIumbel'::; en
tirely on the leaves, but later the f!'llit is attacked, DeVelopment 
from egg to adult is so rapid that seven or eight ~eIlCl'ations Ill:!y 
(X;CUI' in olle season in California. 

The Sexes arc usually in the ratio of about 45 percent malcH to 55 
pcl'Cent females, At mean tempel'lltures I'illlging froll1 7{;0 to 80° II', 
the moths lived an avemg-e of 7 days when supplied with watel' ollly, 
hut By:! days if given a 10-percent hone,Y solution, 

:Most of the eg:"rs arc laid on the upper half or the tomato plallts, 
and most of them :u'e laid during the first 2 days niter thc (~IIIt!IW!llce 
of the moth, 

Tlill developmelltnl period varied with the temperatul't\ rau:,!ill/.! fl'OltI 
2(i davi' at7()0 to 80° F, to 100 days at 50° to 55,° UlHlel' ::;imi lar 
conditions the incubation period rauged fl'£l1l1 4: to :10 days aUIl the 
larval period from 10 to ·to days, 

l')upntion normally OCClII'S at or neal' the surince of the soil, 98 per
ccnt of the pupae being fount! within the first iuch, Moths eallllot 
"'iller~c norllla II)' if buried 2 or l1Iore inches in the soil. 

The transportation of inft,:.;tet! fruit. f.;t'etlling" plant~. in' )lid,ill!! 
boxci' alld till' f1i/.!ht of Illoths an' the IllOH! illlportaut lIleall~ of 
cl iSHem iIII I tiOll, 

Extensive insecticide experimcnts ""ere eOllllucted in tlal' labOl'atol'Y 
:tlld ill tltt, field from 1!);~6 to 1941. MallY COli tad illf.;t'dil'idl'::; as wl'!1 
ai' stolllaelt poi~olls Wen' Ilsed, In these t'xpcl'illll'lItH IIll' I)('sl ('011_ 

(rol wa~ obtaillct! with el'yolitl', 11'0111' applieatiom: of l'I',Yolitt' dihlll.'c\ 
with tale to ('ontaill 70 percent of so<liulII f1uoalulllillall' should lie 
applicd at tilt' mit' of 20 to 2;) pOIllHls pCI' Hen' at 10-d:lY illlclTals, 
'J'rcatlllt'llt should ht':,!ill wltcn tht, firf.;t fruit if.; about all illl'h in dialll
eteL', alld the last, or fourth applkat.ioll, Hhould lit, lIIadl.' jll~t. aftcl' 
tht' firf.;t market picl;:ing, YOIIIIg" plant::; ill the scedbed 01' ~lIIall plalltH 
soon aftel' thcy arc tl'lI nspla Ilted should be dusted if the pi II ""01'111 is 
abundant 01' if heavy pillWOl'1ll dall1a~l' is expected, 

Cultural practices, sllch as destl'Oyin:,! plant relllnants allll plowillg 
thl' field::; IIH SOOIl as the emp is taken ntf, arc illlportallt l'01l11'O1 
lIlea!';ul'('~, 

INTRODUCTION 

Thl' t()Jllato pillworm, a I'clati\'ely lIew pest in thiH Coulltry, eallsl't! 
huch serious d:unage to tomatO!.'H in southern Califorllia. hy .t!):~:j that 
{he studies reported in this bulletill were undertakell to dl'il'tlllilll' 
its biology ~lIId to discove!' a method of eontrol. Tht'Sl' ~t till il'H \\"t'!'C 
('(IIIt-iulleil thl'lJlI:,!h 1941. 

The lan"al sta/.!(' of the ills('ct f(,t'd:,; on the folia/.!I~ :lIld frllits of 
tomato :lIld i'omctilllc:'; attacks tIl(' folia:,!t.' of potato alld t'/.!/.!plallt. 
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Although thesllIlllllarva is primarily It leaf lIliner IIntlleaf folder, it 
hul'l"oWS into tomato fruits at the stem end and CIIIISt'S damage char
actet'ized by "pinholes." It. has thel'Oforel>ccollll' Imo\\"11 as the tomato 
pillwoml. Only a slllall pOL,timl of each infestt·(\ fruit is injun·tI, 111111 
1I111N:;S careful inspection is mnintllilled tlll.1 Jln'Sl~IWI' of the pl'sl ill 
tomatoes intended {QI' processing mit)' I)(~ oW.-!OO\{,·<ll rl'l->ultill:! ill 
the contaminatioll of the lllallU fllct.Ul'ed product. 

HISTORY AND DISTRIBUTION 

The tOIlUlto pinworm was fit-st l'eco~lIized as a pest of tOJlIlilo by 
A. 'V, ~(ordll (14),~ who wrote of its O('CUITCllce ill the IIIlJlcrial 
Vallt~y of California alHI in Mexico as of l!)22~ statillg" latl'r, hO\\'t\\'l'I" 
III a letter to I{eifer (11), that 1923 wus thc cot'l'ect clutc. ~lol'I'ill 
first, Sllnt specimemi of the tomato pillworm to \Vashill:!ton frolll Lm; 
Mochis, Sinaloa, Mexico, He lIoticed that t.hl' illscetS did Hot, attack 
l.ggplant nnd I~cnme eon\'inc(~(1 that t.hey Wl~n' 1I0t, 1he Sallll' as thl' 
t'~gplllnt lenf miner. Nevertht'll~ss it was tentati\'I!I,\' d(·tl'l'Il1illt'll as 
the eggplant lenf lIliner (now K6/cl'i{(, gloc/rillc7ht (Zt·llt·I')). Silll'e 
the tomuto pinwol~rn wus first discovere(l in the IlIIperial VaIlI'Y, it 
has gl'lllluully spread to tht: north until it has bl'collle Wl·1\ cstallli};llt'd 
ill southem and eentrlll California as a serious Jll'st of lidd-~r\lwn 
1011111 to(~S. 

Tlw pillworlll Ims b(~ell rc(.'oJ'(lt,d by Ellllor!' Ui), Mitilt'lha('k('r alld 
Essig (H!), the .Iml p(,t l)t'st SlIrv!'y (.~(), alld otlll'l's. fro II I Califorllia. 
Ariwl\u, Nt'\\" Ml~xi('o. Missollri, Florida: Mississippi~ \,ir:!inia. Dda
warc, ali(I Pt'nllsvlvania, 

Olliside thl' e(~)JJtilH'lItal Ullit.ed Stah'!;. ac('onlin:! 10 tilt' lilt'I'atllr(~, 
UIl\ pinworlll ocelli's in Hawaii, Haiti, M,,'xi('o. and Pt'I'II. alld Ial'\':\(' 
hllw bet'n illtl'l'Cl'ptt't\ ill tomatol'S £rOlli t.1\(, Hallalllas. alld fl'Oll1 Clllm 
O!l),

'1'111\ pill\\'OI'11i calls('s SOI\W dallla:!!' to fit'ld-:!l'fI\\'11 t\llllato('s in 
AriwlI:I, New ~Iexi('(), :111([ Florida; Wlll'l'l'as i II ~I ississippi, Vi I'cri Ilia, 
))('Iawal'l', Pl'lInsylv:mia, and ~lissOlIl'i it. has 11('\,11 l'('IHII.'I"d as :~ pt'sl 
ollly in gl'l'('nhOIlSI'S all(l in lH~al'lt.Y li,'lds. 

A Illrgl~ proportioll of the lan'al' l'lItt~l'illg til" 10111:110 frllit do IlOt 
pl'III'trat<'. lIu,Yond the ('orc, which can IJl' I'l'IlIO\'I't\ wlll'lI thl' frllit, is 
l'anJl(~d, Y(!t. infl'stations hnn. oftI'll itl'COIllI' 11l':I\'Y I'lIoll"h to IlIak\' 
the entire l!I'o)lllnfit, (OJ' lIIarket. ~lol'I'ill (J.n (SI'(; also/i) I'('porll.'d 
8;; porcent of the tomatol'S illfested ill h field ill til(' flllpl·rial Va 111'\' 
of Cnlifol'lli:l in W2a. lirlmhm; (:!,!) J'('('\11'<.!t'd (if) 10 70 1ll'I'I'l'lIt ili
ft'stat,ion in l!)~G. C:lll1pill'lI and Elmore (.~). \\'ho l'I'IHIl'iI't\ a -lO-P"I'
l'ent loss hy tomato gt'O\\'l'I'S of Sail Diego ('olllll\" in l!):m, l'I'JI,,,,tl'd 
fuL'thcl' (6) in 19;Hi that sev('I'al fidtls had bl"'11 ailantiOlwti tlll\ 1'1'('\'

iOlls St'aSOIl bt'(.'all!:i(\ of pinworlll dalllag!' wilholll tht'. piekill" of a 
sillgle fl'llit. In waG a SIll'VI'Y was iliad.., ill ;; t:ollllties ill S(;.'ltill'l'lI 
California in ,,: !;;.:h IG,4.44 acl'l's of (olllalm's \\"\'1'1' ill\'o)v\,(l. The 
percentage of :;',rnits infl'stNI ill ditl'cJ'(\II!; fi(~I<l~ l'all"t'li fmlll fool 10 !l9 . I' ....,tIIt' n.\'CL·a~e )(~IIIg' :14.2 pel'(,l~lIt. 
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Sedolls illjlll'y by the l'ill\\"01'l1l to tOlllato(!l-; wus I'cplllted ill the 

vicinity of Bl'lldelltoJl, ,Ina., ill 1!)1l2 by 'Vats~m IIl1d Th~J1npsolI (!JJ). 

After tlw dose of the scasoll, 1111 the fL'lIit left 011 the VlIll'S hlld becn 

attacl.c~d, 

According to Thomlls (JfJ), tomatol~S growlI ill gl'ccllhollses WCL'e 

set'iow:;l,)' damaged in the Kennett Sqllare, Pa., allli "'ilmillgton, Del.. 

districts, whcrc tilt' dcgree of injlll'y was liS great as 87 I'l'rcCllt ill SOIlIt' 

cases. 


l~(!plJ(:killg and s(H't.ing of the infested tomatoes IIIlItel'ially incl'eas

ed, th(, cost ,if pl'Oduction, In southern California it was IIcccssal'y to 

pillct\ 1111 ill:o;pt'ctol' at ellch tOillato call1lcl',)' to illsp(~ct cach lot of 

tOllllltO(~S f1'01l1 the Helcl, PillWOl'll1 illjlll'y WIIS tht~ chief calise of l'IIlI

Jlel'Y I'ejt,(,tions ill southern Califol'llia in WaG, 


Sill(,(' waG in Californilt thcre has been It gl'adllal decl'l'use in to

mato pill\\'Ot'lIl IIbulHlance, until lit pl'l~sent it is 1l1l'''ely a late-!-:'eason 

pest. This gl'llduullesseuing of heavy losses (,lIusctfhy the pinworll1 

has heen of gi'eat. help to the main murket and canlWI',V tOllluto t'1~OpS, 

but the lull' call1leJ'y pickillg' and late shipping tomatoes a\'(' s~ill sub

ject to hell\'y losses, Losses urc most sevcl'(' in al'cas of almost eon

tillllOIlS tOlllllto culture, 01' whel~e outdoOl' seedheds al'c sown befol'e 

the n':;itlllc fl'OIll the previollS cmp hus ueen ticst,l'oYl'd. 


HOST PLANTS 

TOlllato alld potato al'c the pl'eferred host plallts of till' tomato pin

WOI'IIl, .\ It hOIl~h sCl'ious dUlllage to potatol':; is ]lot ('OIllIllOIl, this 

illsl'd has hl'l'lI takell Oil potato foliagl~ ill widply s('pm'ated al'eas. 

Morrill (/,n I'ppoded ill I!):!:; that, potato was all o(Tasiollal host of 

this spl'eil's ill ~k'\il'o. and Call1phell alld EIIllOl'I' (,j') I'I'('ol'd('<1 it 011 

potato ill Yil'gillia, In l!);~(j' tlIP foliagp of a potato field at Uin~I':'iide 

alld Olll' at LOllg Ih'~l('h, Calif.. was strikingly illfe~It'<1 hy till'

pillWOl'lIl, 

III Ihp laboratOl'y, pillWOI'II1 lnt'\'al' /,(.</ I'eadily and dl'\'l'lop(.d 
1I0l'IlIaily 011 ('ggplallt. (."olam/l)/ m('/ol/flel/(f L,) alld nil th(~ foliagl' of 
a lIati\'(, Ilightsh:uh' (8, ·/tlllbe11i/(·l'lf.Jn (Eseh,)), Lal'nlP of thl' pill
WIII'III pla('I'(/ 011 t hp lea Vl'S of peppel' «(/apsi"1I1II sp,) a lid 011 hlaek 
nightshadl' Uo{o{lI'11'/f./II, 1Iigl'l/.'Il/, L,) lIot ollly WpI'p Hnahle 10 ('oillph,tl. 
tlen'loplIIl·nt. hilt. most of thelll also Il'ft thl' plallts soon alltl era\\'h,'d 
SI'\'('J'a I f('l't I (I Ioma to plants. 'I'h('. pi n wm'nl has 1I0t 1)('1.'11 fOHlld 011 tI 

8. '/I/I/}h,l/ij"'I'/1I1I 01' 8. nigl"ltln ill tl\(' field. although thl's(' al'p ('0111

1110111.', gl'll\\'illg ahollt tomato plantings ill Califol'llia, Tholllas (m) 
1'l'POl'ts that l'ggplant alld hOl'sl'ncttl(' (S, Nn'o/il/('IIS(' L,) a1'1' ('0111
111011 host plallts ill Pellllsyl\'ania. 

NATUlm OF INJURY 

TIH' IOllwtn pill\\'OI'1ll attacks till' Il~an's of 'Olllatn ,as \\'1'11 as til<' 
fl'lIit. The slllall lal'val' mint' thl' It'an's. fl'('(lillg 011'" Oil th(, iHlll't' 
Plllt all!! Il'aving till' 1Ipper and 10\\'1'1' slll'fH('P:-' illt:ll"t. Latpl', (11'0

tecti\'e It'a f folds HI'(' f<ll'llled from whil'h tltl' lal'\'HI' ('0111 illll(, to I'l'l'(l 
011 lIlt, il'lIIl'l' P:II'ts of tlw I<.'af, This fyI'\' of fl,t'dillg l'HIISl'S lal'g('
blotelH'1' adj:I('I'lIt t 0 ~'ach It-a f fnld (fig. 1), 

http:tlllbe11i/(�l'lf.Jn
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1,'Ult1Ilt: 1.-'l'c..1l1110 It'II\'I'~ millC'cl hy Ihc' IUlllulu IlillwUI'm: ,I. ~lilll'" mach' h~' 
Ihl' \,\'I'~' ~'II\l1I1: lurnlC', Xli; fl, tY\lh'al 1IIIIH'al'llll(:\' IIf 1~'lIf millC' afh'l' till' lal'\'lIc~ 
arc' a few clay,,; nlll, Xii; (" h'af {Hid mllclt' II), a 1111'\'11, "lIlIwill~ t~'\lic'al 11':111"
INII'I'lif It'/lf hlllh-h ClI' lIIill(', X oj 'h ; n, \liIlWCIl'1I1 illjnry to lI'a\'"'' ill all nch'allel'.1 
:;Ia,:c' IIf ch!\'c~ln\lml'lIl', X :! !t~, 
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A h\l'~l' lIumbcr of lcaves may be thus desh'oyed, but the injUl'Y 
to the plant fmlll this SOUl'ce is not so impodnn~ us is the damuge 
by the lnn'ne to the fruit. (fig, 2), 

Lnl'vue thnt hnv(' mined the cnlyx lobel>, lind many of t1\OSI~ froll1 the 
lenf mines nCllrby, enter the fl'uit. instead of folding till' le:l'l('s, 
Usually the Illl'vnl' ellter the fruit bencath the clIlyx lohes OI'fl'uit 
stems (fig, 2, A and 11), but in heavily infested fields ab:l\lt 1i0 pel'clmt 
(if the injun,d fl'uit may he damllged in othel' plnces us well (fig, 2, 0), 

,; 

,',
!, ...... 

1""HlI:~: :!.-In.hll·~' ill f!'lIit "/111".'11 h.\' lilt., I"'"a to pinwol'lII: .1, rl'~'pieal IIPP(':II'

alice ot: pinwol'lII illjlll'~' h .. lI .. ath th(' ~I"III "t: th(' (l'I!it.. allOlIl half Hiz!!; 1:, lan'a 

ill ! It .. ~h'lII ..1111 "r Ih!' fnlir :1:< it' iH ofl('11 fOIIllt! jll~t afh'l' !hl! :-;11'111 iH 1'''11111\'''11, 

lIatlll'al :-;izt'; C, al'l'l'al·allt'.. of tlllllal" illjlll'(,'t1 ill utll!'r pl:lt'('H IIH w('11 aH at th.! 

~ll'lII ('1141, :11'0111: h:llf ",iz .. ; n, t.\'(lil-al lIIillill!; "t,'III'ath tIH! HIIl:fa.· .. ot: th" f!'lIit 

whit-II illen'a><t'H frllit illjur.\', lIallll'al Hiz!'. 


TI\(, dalllagl'd an'as I'allst'd by shallow (('(,ding just 1'l'IH,'alh tI\(, skill 
of til!' fl'lIit (fi~,~, I) ha\'(' t.11I' "!,!,I'al'alll'(' of hlob'hl's, Lal'\'al'llml 
1'1111'1' th~' fl'lIit III·j\(':lth till' sh~1lI pl'lIl'lt'att' to a d('pth I'allgillg 1'1'0111 onl' 
(.\\'t'llty-fifth 10 thl'I'l'-folll'lhs (If an illt'h, MallY of thl' lal'\'al' ill tlw 
rl'lIit bl'lIl'ath tht, slt'lII 1'I'I'd ollly ill the con', whil'h ,'an b;, 1'('IIIII\'pt! at 
(hI' e:llllll'l'y. 

SYNONYMY 

TIll' tOlllalo pillWOl'lII, whidl was at fin.;t Illistakell fot, till' I'g~plllllt 
It,:! f III i1ll'I' (l'ht/UII·;I//(fJ'(I. ylo('h;lIdln (%(,11.») (8. 1.1). \\'as laft'I' t!p
s('l'ilwd :IS a IIPW HllI'eit,s by HlIsl'k (I). who ('a I It,d it l'Itt//(JI';/11lu'(t 

1!I('()f!f'j'N;('('I!a, Bill-wI\- (:J) lutl'l' I'Xtl.'IIIIt'd thl' gl'nlls OIlOI'i./II0Sc:/u'/II((. to • 
i1I1'IIIdl' I)Itt //01'; /II a('1/, ~"'yl'it'k, 0\'1'1' wh it'h it lonk pn'('l'dI'IH'(', I II l!J:lfJ 
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Uusck (3) erected It new genus with 01/.o'l"imoso1wll/(t, 1,I//:ojlI1 Iwi,(:l'lla 
(Uusck) I\S the genotype und numed it J(e'i/or;a, ill h01l1l1' of lL H, 
KuifN' of the Cillifol'lliu. Stute Blll'cuu of EntollIology alit! Plallt 
(,JIIIU'1l nt,ine, 

A sp(~ci('s of moth, [(d/m'ia dmm-ei. (Keifel"), which oCelli'S 011 Ilativc 
lIight~hllde lind is closely I'elnh'd to the tomato pillWOI'IIl. WlIS at lit'st, 
identi.lied as the tomnto pillWOl'lIl, Lutel', while 'lI't~Plll'illg ligl\l'('H and 
tho dCSet'iption of [(e'ifelia IYG'Ol)()'/wlceZla, Keifer (to) llotil'(!<l that 
t.he moths befol'c him could l'cnlly he sepul'Ilted into two I\istillc:t types, 
This lcd to the deScl'iptioll by Keifer of the nntivl~ lIi~htshadc moth 
liS It now species. This clul'ilied the distl~ihlltioll of tilt, tonwto pill
WOI'III because [(d/e1'ia elmorfJi OCCIlI'S 011 Bolrtltw/I, :I'((.Jllii lIIlII R. '//'In
h('[liftWItHl, in Cnlifol'lIill us fur I\ol'th liS Napa COli II !,y, whel'l~as t.he 
10llluto pinwO\'111 Ocelli':'; only 011 cllltivated pllllltR IIl1d i:.: 11I01'\, I'l'stl'idc(l 
ill distributioJl. 

DESClUPTION OF' STAGES 

'rile Ildlllt pinwol'lII (lilY, 3, A) is /1 slIlull ~l'lty moth abllllt a 'Ilia I'It~I' 
of 1m jllch IOJ\g; ntlsck~ t\cscriptillJl of the tomato pil\\\'I)\.'11I iH ll!:i 
follows (1): 

AIIII' eXlllIn~(': \l-1:'! IIIIII , IAlhlnl pulpl with short \'1\1'1'11\\',-" IIr\lsh on IIl1tlcr
s\llt· of )';l'Ctllltl jnlllt, lermillal jnlllt S(\IIII'whnt thldwlIl'tl wilh ~I'ah's, 1'<1111111',',:,0;
,'II willt <'xtl-enw tilt 11111 II 1t!1I, slightly Ilroj,octillg uhm'\l IIII' ;;,-:lIt'1I pilI'! ; , ... hl"-OIlS 
while, ,~x!crnlllly 1I\!!ttll'tl with .lul'k f,,:;,'lIl\s: It-rmillul .I11illl with II failH III, 
.11'1I1l1,,1 (l\:\coI\S IIIIIIIIIIIIIIIIl 111)(111'" t.he tip/III\! with I'xln'llIl' all"X \'W'I'OIl:<, I"ac" 
IIlul 1<11 Igill' odlrclllls white, lit-III! /1111/ Ih''''ax 111111111'(\ wilh fll;;, '<III;;, AIlICOIIIIII(
)',~II')wh;h I'I\SCHII:; wltlt JIIIIT...W, .Inrk fll:;"IIIIS 111111111:1\11111>', 1"III'I'\\'ill~>' ..IIIII~at" 
'I\'al(', IIIII'X hlllnlly 1"'illlt,.I, \('1'1111'11 IIhli'lIl(,: n'lIl1lioli I)'pk:il III' tilt, ~I'III\S, 12 
\'<'iIlS, 2,1,i S('IIIII'lIlt', ('(1111(11;;1:1111, 7 :ul«l S ;;tllilH,.1 til l',,;;I:I; g-I'O II III I (,.,Im' ,,<,hl'l'olls 
~ra)', h"lIvlly (\\'I'I'lniti 1111.1 l\I.lltl,'1I with d:tl'k fll"t:llns >",allllg-, :lIIti with ill-tll'
1i1l,',1 111111 I 1I.lIsti 11('1, h"cll"'\1 IOllgil mlillll I, "dll'l'''\1~ sll','a "" : "j"l'a I :<1 iJ,:lIIa I II 
h:'\'III~' llIlliclltt.'.I; Illieul ;;I'/lt; 1111 1II1.ltll.~ (If foltl f:tillt /llIti ill-<l../I'II'.I, hl:u'ld"h; 
l:llia oelll'\'OIl:< ~ra)', lIillll,willJ,::( ,Vitlt 1I1"'X I",hltl'd, 1II'"dlll' .. lI: t"1'1I11'1I dt'pl'ly 
::;ilIIIU\('''; S y(~ill", :\ 111111 .\ t'(lIlIla\(', r. II 1'III'Oxillill I I.', Ii alii! 7 p:\I'all<,l; Ii~hl 01'1",('
011" fll;;t'OIl::;; /I NII'(lIIg IH!IIe11 flf h:til'-"t'lIh-", (111:11.'.1 III· IiI', from "/I,~., .. f /'/lsla ill 
Ihl' 1II111"s, \'('IH'hillJ,: 10 h.'~'ollll midt.lh' IIf Willl{, ~'l'lItlwi>'It, AIIII'HlII'1I tlarl, fll:(,'ol\~ 
/lIH,\',' wllh two h:lNal .Ioillt;; :(Ii~hll~' li~hl('I', ot'lll"'(lIlX, 1II111t!I':(id... Ii!!ht 'WIlI'pOI''', 
-"III'illklell with (l\;!eoIlX, Jllllel' sitlt,- I)f "-;rs Ii;rht od,n'oll';. ""I.e'I' ;;i/l.' 1II':I1'i!:: 
h:\I'I't'tI wit h tl:\I'k (11);(;0111;, 

K(\ifl'l" (.9) hl\::; al:.:o ~in'1I til\.\ :,;pl'l'ics all \'x('Hlh'lIl, d":'I'I'ipt iOIl ill 
which h(' (!Ompal'l'H the tomato pillWOl'I1i with oth\'1' slIl'cit'" qf f{,·if,'/'ill 
fl'olll Cnlifol'llia, 

The c~g of tltt.' /olllato pillWOl'l1l i:,; I·llip:,;oitl, 0,:17 by 0,2:\ 111111, It i:,; 
li~ht yullow wlll'll first dqlo:.:ilt.,d llllt gl'llduall.v darkt,,,;.; 10 a light 
orllllge befort' IllIt('hill~ tillll', As thn slillcle of Ilu' ('gg dlll'kl'lI'" tIlt' 
dmrl'lnpillg clllhl'Yo Ii);:\'\\' i:,;(' a:,:slIlIll'S a (lal'k"I' ('Olill', 11111 i I j list hl'fOl'(' 
lIa tell iIIg t h(' da rk Ill'ad ('a pSIII(' a lid ntiH'1' fl'a ttll'I'S til' il It' :';1lI11 II 1:II'\'a 
1\1\' vi::;ihhl thl'OlIgh thl' dUlI'iOll, 

Nt·wly hutdH'd lal'\'11l' ""('I'II~~' 0,8:1 111111. ill 1t'IH!t h with all awrngt' 
jt(':1d-eupslllc width of OJ;;' 111111, TIll' 11t'11t1 (':tI'SIIIt' is dark \'t'O\\'1I IIl1d 
till' rl'lllllillcll'l' of till' hody a ,Vt'Jlowish gray .'0111111011 tt) 1Il:llly 1I\'",ly 
1111\(-111'(\ II'pidoph'I'olls larval', 

'l'11I'1'\1 1I1.'l' fOllr illstar:,;, TIlt' 1ll'atlrapslI\t>s of lH lirsl illstal's IIII'as
IIn,d O,l'~ to 0,1;';7 111111 •• with a III('UII of 0,15111111,; ill (\11' :-'1'('011,( illstal' 
1:1 III'ad t'lIp:';lIll'S lIH':\SIIl'l'(1 O$~ 100,28 IIUII" with· a Ill('alt of (),~:IIIIIII,: 
ill till' tlril't1 illHtar iii Im'aslII'('d O,;m7 to O,;~!) 111111., wilh :1 1111':111 of I),:n;; 
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111111.; alld in tile fOllrth ilH.;tlll· 15 head capslllt's Illt'lIslin!cl O.5:W 10 
0.61 111111., with II lIlenn of 0.5G mill. 

The Il\lItllL'C 1111'\'11 is ii.8 to i.U nllll. in lelll!tll alld a \'Cl'Hgt'S GAf) 111111. 
It il'; IIltm ash gl'lly with dal'k-plll'ple spots (fil!. ;I, B). 

The plI plI is apple gl'eell whell first forllled~ la tCI' III LTIi liE' to a bl'own 
typiclIl of lepidoptCl'ol!S p'!pae l'olllllionly fOlllld in till' soil (fig, 0, 0), 
Keifer' (lJ) has described the 11I1'\,11 alld pupa of tllis species in dt'tllil. 

.-'B 

c D 

FWPIIE 3,-S(a~I':-; IIf Ihl.· IlIlIIalo JliIlWIII'II1: A, Adlllt, X Ii; 11, 1:II'Yae, X !J; C, 
)1Il)1lI, X S: I), [lIIJlal n~I1 fOI'lIIl'l)of :<uil)I:II'ticle;.:, X S, 

SEASONAL HISTORY 

III Cali fOl'llia. (h'wloplllcnt of all Stlll!t'S IIll1y cOllt.inlle, but at n 
retal'ded mk. dlll'illl! winh"'s when tomato "illl'S slIl'vive. Ol'di
nal'ily. lu)\\'l\\'c!', till' '·olllalo pinwol'lII spellds III!' willtp!, in tht' pupal 
stag-tO at 01' Iwa!' tilt· slIl'face of tilt' soil. Dudnl! :;\1:Ii'I'1I alld AIH'il tile 



1.IFFi llI~TOllY t\~1) rO~THOL (n' T()~IAT() 1'1~\\,(lIL\r n 
lIIoth:.. cmm'ge to mutl' unlllay t'ggs 011 .tIlt' Il.'u,n's of thl' yOHlIg plllll!S, 
1'... lIn'II(' huh'hillg frolll tht, eggs Inille t~ ) It,H.Yl's (IHrillg IIbolit half 
thl·il' lal'v11Il'xiHteIlC(!. 01' tImillg tIlt' fil'"t two illSbll'S, .At tilt' Ill'gill

'llillg of till' thil'd illHtal' tIlt' 11I1'VlIll, havillg becolIll' too IllI'gp 10 l'01l

tilllll' III' tnit' It'a f IlIilll'\"S, (,IIII'I'gl' frolll theil' IlIilll'S IIl1d f01"l1l leu f 
folds, Infestutions lin' HSHIIII.\' light 011 YOllng plallts I'lIl'1y ill t.Irt' 
;;I'ason. h"t liS tll(' l"il.'IIS011 adnlll('t's a gl'lldHal IlIlild-HP is appan'lIL 
As tIll' fr"its Slot. a fl.'w lal'vat' ('lItl'r thrill illst.ellcl o( foldil .... t1w 11.'11\'(';;, 

'I'hl' HIIII\I)(~r of IlIr\,up 1'lIh'rill:.!' thl' [l'IIits illlTl'as('s as till' pillWOl'ltl 
pO\llllutifJlI III1t1tiplil's. IIntil a lal':.!'I' pl'oportion of thl' fl'llits Illay bp 

1'01111' infl'st('l~, In easl.'s of Itt'\I\'." illfl'~taliolls It'llf illjlll'," ilia." 111:-0 
bpl'OIlHi consplcHoHS, 

,,'ItI'1I the 11I1'\'al\ be('ollll' 1I111t!II'P ill 11.'11 f fohh; o\" 011 thl' frHit tlwy 
10wI'r thelllsdv('s hy silkell tltrpads to 1:111' gl'OlIlId. wlll'n' tlll''y fm'l;1 
10tlsl'l), wovI'n pHpal eel Is inh'I'lllil1g!t,d witlt Pllltit'll'S of soil (fig, a, /J), 
MothI' ('\lWl'g(\ fl'OlIl tltl'Sl' pHpaln'lls latl'l' 10 Illate, lay t'ggs, allcl \'I'pl'at 
tlH'I')'I'le, :DIII'illg fall and \\'intl'I'. as tt'lIlperalHn's cll'iTI'aSl'. pillWOI'II1 
dIW("Opll\l~lIt is greatly I'l'tal'c1l'cI, or it IIl11y cellSI' allogl·thl'l' I'x(,l'pl fot' 
till' lmrvh'lIl of JlHIIlIe ill the soil Illld IIlMhs ill Pl'Otl'<:lpd plal'PS, 

The rapid dl'vdoPIIIl'lIt of tIll' pillworm in !'illlllllll'r togl·th"I' with 
tilt' 1't)lIlpIII'nti.VI'ly IOllg o"ipositioll pl'l'l()(1 SIIIIII OIlSCIII'('S all~' illdiea
titHl of clefillih' hroods ill till' lipid, SI'\'PII to l·ight gPlll'l'atiolls have 
Ill'l'll reHl'l'd dlll'illg II )'l'ur, of whieh fOllr 0\' fin' Ol'<.'IIITI'<1 Illlrillg the 
SlIlIllIWl'months, 

'1'111' Il'allSpOl'tatioll of illfl.'li!t~d frllit is th" most eOllllllOIl IIl1'allS III' 
(Olllllto pillWIII'II1 dissPlltillal iOll, Otlll'r illl»ortallt 1111'1111:-' illl'llld,\ tlH' 
flight of llIoths withill alld bl'twl'l'll (olllalo fipldH alld till' tl'llllspnl'ta
('ioll of illfl'stp(\ sl'l'dlillg plallt:-' l!lld pil'killg and PIII'kill!!: 1,0xl's fl'OllI 
I' ill WO\'III- iII fl'stl'll 10('11 I i ti I'S, 

TIl(' Hntll'l'I'H of illf('statioll I'llI'h .\'I'ar ill all al'l'a Whl'I'1' thl' l'illWtIl'1Il 
has 1I1'I'(lIIl1' l'stahlislwd arl' wor( 11\' of 1I0tl' h,'calli'!' of t1H'ir Itt'ariII!! on 
l'OIl( 1'01. Fit·IIlH ill whieh tlllllat;'l'." Im\'1' hl'l'lI growll arC' ol'tl'lI'lt'ft 
IIlIdist 1I..I1I.,<1 aftt'l' I hI' last pit'kiw!, alld 11I:t1l,\' of I hI' pi/lilts 111:1\' 1'011
t'illll\' ill \'III,ioIlS ('ollditiollH of :.rro\l'th, Pi 11\\'01'111 dl'\,l'lo)l11l1'1I1 1'011
tillllt's ill slll'h fh·lds if till' ((,IlI"PI'abll'I' PI'I'IIIilS till' slIl'\'i\'al ;tlld 
.!!rll\\~th 01' 10IlIato plallts, Larnll' ill lh(' Jt'af-llIillilll! alld Jt'af-foltlillg 
stagl'~ 0(,,':\1' ill larg" IIIIIIIIH'I'S 011 O\'I'I';\'illtl'rillg plallts dlll'illl.!' IIlilll 
willt,'r:.: ill sOllthl'l'1I ('ali flll'lIia, :tilt! arl' (II(' eallSI' of Sl'riolls dalllag\' 
ill III'W fil'ld:-: till' fllllowillg spl'illg, If lo\\' tl'llI)1I'I'atlll'I.':- ill titt' willtl'r 
kill till.' pl:llltS. pillwol'llls ",hid. al'(' pllpatillg ill I hI' soil :tn' ofh'lI 
allll' (0 Hpall thl' n'lItaillilll-! IlI'riod IIlId 1'1ilt'I'/!P dllrilll! tIl(' pa1'l\' 
,!!rmdh stagl's of titl' III'\\' tolltaio 1'1'01', Thl' illsl'd' Illay also slll'\'i\'l~ 
ill :-l'l'dl){'(\s (II' ill propagating IIIIIISI'S ani! lilli," ill f't'st tIl(' 111'\\' I'I'OP, 

TOlllato plallts a 1'1' "flt'lIl'lIt 01' \,1111,,(1 aftl'r hal'\'l'sL alld l'il('d :t1ollg 
tIll' I'dgl' of tll(\ lipId til Illakl' way fOl' a H'l'OIHll'rop, l'ill\\'III.'llllllOthH 
f1yillg from Uil'i'1' plallt pill':-: C':lII:<I' sl'\'ioll:-; illfl'staliolls of latl'-fall 
0\' ('a l'Iy-spri II/! tOltln tn t'I'OPS, 

THE .\.1>l'LT f.iTA(;(~ 

M,\"~:III"I.S "",0lil METIIIIIIS FOIt STlJ\l\' 

Ht.IHlit'S "'l'I'I' eal'l'il'd IlI1 IIl1dl'!' olltduor illst-etan' ('ollditiollS 11\' 
01!SI'L'\'illg irllli\'idllab pl:lt:l'd ItIl i'mall tOlllato plallts il'"willg ill Ii-illl'h 
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pots. Small cdlllioid and luntem-g)obe eag(~S Wl'rl' lI!"ed to "0\'1'1' the 

plunts. Oviposition records wel'l' ohtailll'd hy ('onfining pllil's of Illoths 

III !'llllall celluloid CII:,!!.'S OVl'l' tomllto twigs IIITall:,!(~c1 ill Slltall \\'iJl(~ 

glllsses. In all eases the food mlltel'illl fol' the moths 1'l'i'PI'S to a 10
percent 11011('" solutioll, Unfed moths WCI'l' :,!iv{~l1 ollly watl'l'. SOllie 

geneL'llI ObSCl:"lltimls 1II111 special stlldies were III1UIt, ill tile lit'ld liS illdi

clltcd. All tell\p(~ratlln~ l'('('oJ'(ls I't·fel' to ail' telllperailll'('S 1I); ohtaiJlI'd 

ill a stalldllnl wellthm'-illstnIllH!nt slll'itcl'. 


Aftl"l' clllcrgmlce frolll the pupal c(~II, thl' hahits of Ow pi II worlll 

moth III'P sinlillll' to thost· of n IICIII' l'l'lative, thl' potato tlllll'l' IlItith 

(Ouo'I'iIl108('/imllu,opl"mll/{·IIa. (Zell.) ),as:,!ivclI by Orai' ('7). Thl' lltall

IICt' of I'IIpitl ct'l'lItic flight when disturi.lt'd and thllt of hid ill:,! (1II1'illg

lilt' day tlflfll'al' to Iw IlIIhits COl!lmon to both sllecips. 'I'll!' ('oloralioll 

0.1 the pillWOl'J11 moth lit!> jt well fl)!' its t'xisklH'(' ill the (h·ld, 'I'll(' 
pn'StmCl' of IlIlIull'eds of Illoths pCI' plant 1lI1l,)' not. 1)(' slIHpcdt'd "III'ill~ 
till' dllY Hlltil SOllll' distllt'banc{' l'aW'iCS t1ll'1Il to fly lip ill II \'lipid. litflll 
HH\IlIWt', ollly to nlight and hide lI:,!nill a few f('pt away. 'I'll(' '110Ihs, 
whiel\ al'(' lIoctltl'lIlll. h('~in {fj:,!ht anti I\\'ipositillll at twili:,!ht alld ('011

tillllt' to o\'iposit th,'oll:,!h tIl(' lIi:,!ht if th(, h'lIllH'l'lItlll'(' is ahHI1( (ilIO F. " 

01' ahu\'('. Actjyjty js accch'l'lIt.ed hy :1Il illt'\'(':IKI' ill h.'llIlIl'I'atll!'t', 
The )It'C1pol'tion of );('xes dlll'ing th(' YPlIl' lIpp('ani to 1'1' alllllli ,'Oll 


stallt. :'.i4.8 pct'cellt t'tmml('s alld 4ii.~ Pl'I'('I'II! l\Iall'~. II1l'OIlII\'I'1 iOIl wilh 

life-hhltcll'Y ShldillS, till' SI'X of :~-l7l\1oths WaS dd ('1'111 i11('(1. '1'111'1111111('('1' 

(If fl'llIalt,,, ('x('\'cd{'(l that of lIIall's olll.Y sli:,!htly at all Sl'asollS I'X\'l'pt 

dlll'illg tIll' willtel' IIwlltltS. Wltl'1I OWl'(' wen' :3:1 malt,s allli :N fl'lIlall,s 

ill a sallll'll' of fil 1II0ths. .Mating OI'(,III'S withill :U to ·IH hOl1l'1' a fll'!' 

1'IIIl'I.·geIWI', 


IJillwOl'1lI IIlflths al'(~ aU "aeted loli:,!hts. Tlll'y Itavl' 111'('11 "hsl'l'\'l'd ill 

1I11111hl'I'S al'o\ll\(1 li:,!hts ill :,!I'l'l'ltllollSI'S and at alllolllol,ill, li:,!lits. aud 

h/"'t' h('('11 l'ollt'c-!I'd easily lit tmll lights ill till' fit'ld, 


Lo~m:\'I'I'Y lit' Tilt: i\JOTIIl< 

Thl' 101l:,!I'\'ity of thl' pill\\'orln adllits hm; hl'l'n d(~tl'I'mill('(l hy oh
H'I'\'in~ tltl' filllt' IIf \'IIIIH,':,!~IICl' ali(I d('ath of a lal':,!c 1I11!11II1'I' of !IIol lis at 
1t'llIpCl'atlln'!" I.'all:,!illg fmill iiOO to BOO F. l\[oths li"pd :III a\'I'I'a:,!I' of 
7 days at IIl1'lIn tl'lIIpel'lIt:III'l'S flf 7(j° to HO° \\'ht'll givell ollly ,,':11('1'. hilt 
to all a\'pra:,!1' of H,li days \\'11('11 f\'ll a. 10-p(~I'l'l'nt hOI!!',)' ~iollltioll, At. 
tcmpl'l'atllrl'" of i>Oo to iiliO till' I'('specti\'(' IOIl:,!I'\'itil's \\,('I'(~ ~O,i) alld !!:!,H 
days. 

(}VII'OSI'I'\( ,=' 

Tit!' IIloths. ",h(lll cOllfined tf/lillla \I (,:I:,!('~ 1111(/('1' In hOI'atol'Y ('lltHI i I illlIS. 
dl'po;;it, l'g],!;,; illdisCl'illlillatl'l.r Oil all pHI'ls of tilt' pJ:llIts 111111 1111 IIII' 
(':I:,!I'S, Till' l'~:,!S an' so s!IIall alld illl'OIlSpi('lIolls that Vl'l'y 1'1'\\' II;I\~I' 
hel'lI ,,1,SI'I'\'('d ill tIll' op('n lield. Till' f(·\\' l'~:,!S that Im,\'1' III'PII f""I1t1, 
fivl' 01' six in all. wel:e Oil fill' tomalo ll'an's, 

O\'ipositioll ill till' li('ld Was stlltlit'd by lih('ratill:,! fiO IIloflts ill ('al'lt 
of 4- 1'1I:,!!'S 14 by 1+ hy W illcll(>l-; Sl'. ovcr Silla II tfllllato plallts Ilta! \\'1'('1' 
helll'ill:,! fl'lIit. '1'111' ('lI:,!l"S \\'el'l' spt lip 011 4 dill'I'I'I'II! clat('~ flm'ill],! 

! 

I 
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Allgust IIl1d Septemhtll, 1935. The pI lints Wel'e talwlI Ill' uftlll' ;\ 01' ,~ 
lin y's of l'xposllm t.o the llIoths 1l1ld eXlllllined bit by bit IIIHlel' a lo\\'
PO'Wet' hillOCIIIllI' lIIicroscope. Nilll~ty-eight t'ggs wen' fOlln<l, 41) PI'I'
elmt of which \\"('I'e oil the tippet' slIdllce of the lellVt'H 1111<1 :i(\ IUlI'Ct'Ilt Oil 
I l\l~ lower Hudllec. The other 2 percellt Wel'c 011 the lellf pdioh'H. 
Sl'\'l'nty-nilll' 1H.·I'cent of tlu.' ('ggs wel'c foulI<I Oil the uJlJll'r 12 ill('ht'l'; 
,)f till,' plllllt5 alld 42 Plll,'cellt 011 t1w IIppet' (j illches. It ap\1I'I11'S, thl'l'l'
fon', that. IIl1dl~I' IUII'IIII1I COlHlitiollH most of the eggs Ill'll Illid 011 the 
IIpJlN' lellves of the plullts.

The I!llh:t of h'IlIIH~I'uIIlI'P IIml food on ovipositioll waH 1I0lNI hy oh
>-1~I'\'illg ('gg dlllH:sitioll of fed alld IIHfed gl'(IIIPS of llIoths dlll'illg I'Iw 
SUIIlIllt'I' 1I10lltlls IIl1d of IIfl,d gl'(IIIP dllring the willtcr (tllble 1). DIII'
illg till' SIIIIIIIIl!l' 4411111'1'(\ moth:; laid their eggs soon!'1' nfhH' ilIllt'l'gl'lI(:I~ 
thall 12 fNlmoths but laid ollly 41) pel'Cllllt liS 1I11\lIy. Unfed moths laid 
twi('I' ns IIll1l1y eggs ellch till' Ill'st. lIight liS the il'd lIIoths, hilt tlH' f'"d 
Il!oths eOlltilllll,d layillg fOl' Hi <1n)'5, whereas the IIl1fl'd mothH laid I'ggs 
1'111' ollly H days. Lower 1I1t.'I\II teIllJlI~I'lItlll'l'S-of :iO,(j° F. frOI\l Ol'tolwl' 
H to D 'Cl'llIh(~I' 27 cO!llIJan~d with 1\ lIIeilll of ahollt (illO F. dlll'iug Ihe 
sUIlIIlII'I'-lIIllrely n~tar<l(~<1 the rate n1l<l prulollg('(l the perioll of o\'i
pw;it iou.tll 1111 Cal;I'S the pcak of ovipol;ition WIIS l'l'nchl'll 01\ 0\' 

bl'fol'l' IIH' second lIight nfter emergcllce. III gC1Il'I'nl, dlll'illg the 
~1I1I1II1I'1', tl\l' lIIoth 11I'gills I.'~g layillg the fin;t. Ol' secOlI(\ lIight: aftet' 
('IIIt'rg-I'IIl'(' alld IIIYs \\lost of hl'l' eggs in 1\ fl'w days. 

'('''III.t: 1.- ~()riIHl,'ili(j" ,/11/11 flll,:1 flrtll'/" II! IfII//lllo /lil/wl/rlll I//II/It,•• ,,/,,"ri//I/ I'(fl'd
I/f jlllld 11111/ /1'111/11'1'1;/11/"1', ,(/1/1/11//11'11 (ill/i(•• 1!I:I;j 

:'\i~hl IIrll'r "1111 It 

t'llll'fl!"W" 


('),\ ' II' 

l'ur,.III! l'rn'(lI/' /',ft"u! 
MI,U' rlo.\\.a: 12.. [,Fil'~' 
ill• .'i 	 UNt.U ti:!.5I:-:~·t'tI'ld 
·1;. '; 'MI.O 7:1.11Thir" 	 1 

Ii.\\.:t tNI.1I !~l.tIF""rlh 
II,~' ~\.II w.nFII'it n.s 	 ;:1,11, a7.f, ,~"'th 

~t'\('nlh ~I.I 1 ~t II 1 ill.n 

Itl~hlll 
 fi.~ I 	 j.'i.n 7:'.0' 


1i4i.1i -r. U
'I"',,'h :t:t.!\: ;;;:0 j'1'\11,1[111 
FUtlfh'1'Hth w.n I 7!'•• 1I

1>.:1 :17• .1 ' 

1':iJ,dllt"'nth 

:-;hll't'llih 

1:!,.1 


'l'wI-nth'llt 
 :!rl.II 
f :!5.0'TWI·nl~.,:.:t·t·(J11I1 	 > 

:l:'.o:'\'\\""')-(0",111 

.\n'nl~·(· 

'1'11,"1 

I ..\ •.H ..\Ie Ihs I-!I\'I~II wutyr only. JlJtw?.! If! ~t'pll'mht'r W. "I~'nn It'ml,,'rullirt'. tiH.S" F. 

: B. I:! ...\I(Jtits J.!.b1t'li IIHI,·I't~'nt hOllt.~· :\oIUlillJ1. ~~'llh.'lIIl",'r U 1ft Bt'ph'ml1t'r 27. ~'h'nn h'lIlpt'rntun', 


''''''.tI'<: ~\ 	 ' 
;.t (' t S l\lnl hs; vi\'('n lIH:('f("l'nt hl:I~I'Y ~'ClII1I iun. Ortill)('r Mtn I h't'Nul",r '1.7. 1\lt'un h·tnl)t,·rntlll·~·t, Ull,(j(' 10' • 

THE DEVELOPMENTAL PERIOD 

,\,h~' \llIl'a( iOIl of IIII' <!('\"l·loJlIIlI'lIbtl JlI'I'io(l of tIll' pillWOl'1II was 
::,tlldit'd Hlldt'1' dilfl'l"I'lIt tl'l!lJll'l'atlll'1' tOlldiliolls by l'l'al'illg illdi"id\lals 
:-<l)p:lI";I.II'I," ill o\ltdoo\' iIlSI·(.·tnl',)' ('agt'li. TIll' OI,sl'I'\'atiolls \\'1'1"1' hl'gllll 
011 ;\ Iwi I ~.i, waf" alld ~r, to fiO 11I'\\'ly laid I~ggs WI'I'P sl'!t'l'Il,d \'\'I'\,Y 10 
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dll'yli, IIntii ApI'il Hi, l!):l(i. CXl'llpl dlll'ill:,! thl' COOII'I' 1110111 h!i. \\'111'11 till' 
intl'l'vals \\'el't.' h'll:,!th('\H,d to as \lIlIch as an <lIlYli. 

As the eg~!i IlIitdted till' 1111'\'111' \\'1".'(' iliolated 1'01' ill(lh'idllal "l'C'OI'(\S 

OIL snlllll tClJllUto plallt" :'!"owill:,! ill Ii-illl'h 1I0\\'("'(l0lli und ('0\,(,,·('(1 

with slllull CII~l'!i. III all :3!}8 ill<li\·idllals \\'('1'1' O},Sl'I'\,(,d ill this lIIa'llI!!t'. 
Al; showll ill tahh' 2, olll,\' 2GA days \\'PI't' I'('qllil'l~d 1'01' tll'\'t'loplllt'lIt 

at. tt~mpl\l'utlln's II vpl'u:,!ill:,! fl'c:tl\ 7flO to 80° ·F.. \\'lwl'('as Un.7 days \\'1'1'1) 

rct{llin:<lllt It'IIIPt"'UtllI'l's aVpl'II:,!ill:,! frolll 51)° to iiiJo. 

'J:.\II(,~; '2.···H"I'''!i'J1/ 11/ /'(1I·il//I.~ .~/"!I(·'~ il/ 1/". '!f'r('/I/III/WIII,,1 1/lJ/'i",1 /If 1/", 111//11110 
1';//1(,1/1'111 /'/'11/'/'11 III1t1f'I' /lIIIIIIJIII' ill.~(·('I'"·!1 /'II//Ililillll.~ //1 Iliff,'j'I'1I1 /1/"//" "'111/11'''''' 
111/'1'.'1, .1II//IIUIIl·//, ('II/if...1/I'II.!;;, 1!/,I,i. III ,,1/1/'i1 !Ii. II/.I/i 

I, I •.,.. I r I'" I. f Pn'llIlpnllllul '1'"lnl d""t'lup& 
jll1Cl1hlltlO1! I'!'rail I 1."11('11· 1I111~~ II~' ,"II,·r" "III~$"'~I! "u,,"I~tll~"S In'llllil (/t-riht( 

;-'11'1111 ~ 
(NI'pt'ru- ' 

tun' (0 F,) r hulll'i.l· .\ ",... hlllid,l· A\'I'r- I hlll;"i"· o\"l'r· Itu!i\'id· .A"t'r· IlIIlId"· i An'r~ 
II!!I'! nub n~l~ 1I111~ II!!I' '"Ils 

I't,'riotl ~ IIh~t'f\·(·d ; I,,'rinll : oIlSt'f\"',1 It"riud uh~'t'r\"t'tl pt·riull: t:ul" t!H,' lIut:;. Il~'"
fnhH'n""ll p'riod (lh't'n'I'd 


. -'. -- I 

,. 

I Nu",brr }~'IIIJ,I( ~\·Il,,:.llrr !luy.'t lVIIIIIIJ('r ')flU' NlIlIIb,r j }Jrly,If JVIIlIIllrr ; !)"II.'~ 

,1:1 '!·l. i :!X 11i.1l t~; ; !L"<. j ,ltI l \tH.7
rll)-[J5 t~1 ~\l.;1 

11.:1 !\j H.:I :!; II. ; Il ; \lM-m X. Ill. ; I•. x 1111 ,11. ~ 
UI ..nr,. 1'41 Kii I iii )(1.1 1:1, 7.7 

liS .;, \1 Ill. ; I~.S , \).1 :I~.K 
titi··ilJ I~( ItH !~I 'i.n 

:UI. \
71 ...7;' ti7 [l.ti H \1.11 111 ".r! . 7X ; 11,11 fa'.! 

,II .l,t tel 5.:' IX ·1.:1 ; ~, 11.1 ali i :m", 
XI-N,i 
71H~I 

II 11> ft.S ;, !i. Ii tI II
1 

'I'h!' illcllimtioll 1I1'1'ioli I'l'qlli"l'd all an'l'a:,!t' of fi to Ii tla~'s IlIIdl'l' 
SllInnll'l't'ollditioIlS. "'illl!'I' tt'II'111'raf 1I1'('S :,!I'I'aH\' dt'lay('d halt-Ilill!!. 
Additiollal n'('ol'ds (tablt, :q :;ho\\' that t':,!I!S \\'ill cil'vt'lllp alld linti'll 
ill a Illillillllllli of·~ days alltl II\:If IIntlt'1' ",illit'\' ('olHlitiolls a Illaxillllllll 
of:l() days Illay Il\' I't'qilil'('d. Eg!.!s «I'n'h'lll'tI at a\'pl'a:,!I\ tl'llIpl'ratlli'l''; 
as low liS fiO" 1I11t1 a:' II igh a:' XI" F. 

'1'.\IIt.~: :I,·--II/f'/I/wl;/Ii/ IW/,;f)l/ /If '·f/II·< ,,/ 1/". '''1111/111 ";,,,/,,,1'111 ill ,.1'/,,/i1l1l I" 
/"/11111'''''/''''(', .I01l/1II/Il'/I. (·II/if., /!I,I.i-.lli 

~lillilllllllt .\ta:\inu:1II ~t,·:tll 

}JII",'(IY,ru.lJrr IJ/lIl·' ; }Jul1:< 
~;i. i:~I .~~~ i !W l·w... r..ll lid :!!I :!:!.!(

:'1-55 till II 11.",iH·m 	 ~~~: I , - ,
I, 	JIIU ; , I II S,:. 

7~.1 I 

(iI .. ti.'l 
); Ii. ;, 

f~;-7n 
a12 I 	 ); !i."71-7[, ~ I ·1.);I~I ~ ..n-Nl S·J 	 ·1.:1X1-.1.\;" 	 ~ ! 

IIlH'I:tlll',Y ('oIHlitioll:O; ali'ol'd all oPPol'tllllity 10 l\Ialil' 1II00'l' :\('('\lI'all' 
UhSl'I'ntticlII:-i (if dl'taih,d Ii fl' histol')' thall an' )lossihll' tI(HIt\!' lidd 
('otlditiol1:->. hut till' dllratioll of all sla:,!l's 1II11y lIot hI' qllill' till' sanh' 
ill till' two 1'1I\'iI'Ollllll'lIts, SillCI' t IH' tOlllalo pill\\'OI'III pllpatl's at 01' 
IH'lIl' tl\(' 1'1I1'f:I<'(' of thl' :-;oil. till' t1l1l'atillll (If thp pl'l'iod ill till' soil is 
Ilkl'ly to ill' :,!I'l'at:ly all'l'l,!t'd hy \:al'iatillll'; ill ail' !t'IIIj1l'l'lItlll'p. All 
l'xpet'illlt'llt \\'as Ihl"'(,flll'l' dusi:,!lll'd 10 dl·tl'l'lIlitll' Ill\' dlll'atioll of till' 
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qllic~ent pm'iod ill thl' soil fot, thl'ce winh'!' lil'II~OIlS, Thili WIIH lIoJll' 
ii," tl~nppillg pin \vOI'1lI lIlI'val' liS they luft iIIfl·HtI·<1 fl'tI it to (Ill pll tl' 1\ 11(1 
illh'udllCillg' Hpecifil'd Hlllnbel's of thelll into ell/!(,H HPt 011 thl' Hoil. 
MClths "'C1'l\·eollccl(~d IIH they CIIIPI'/!cd, Thl' dl\l'lItioll of tht, Pl'PJllIlHd 
and puplll stagl'$ was IOIl/!llI' Ulldtll' thciit\ cOllclitiollii tllllll illHlel' lulJol'II
COI'Y (:o!lditiom;, '1'hiH Willi pllI'ticlllaJ'ly tJ'1Je ",hN't' tIl(' millimlllll t(~m, 
pUl'llt,IIl't~ WIIS bplo\\' 32° I~', D(!tlliINI dlltll III'P /!in'lI ill taille 4, 

'1'.\lII,t: .1.. -!JI/I'f/lilll/ o( ti,l' W'/,;otl /Ill/":I'I'II Ifill ;II/r",ltll'lill/l o( /1/0/11"1' IIO'I'/I/! II( 
/III: '''11111/11 f,;l/worll/ ;11/11 (J1I111"or I'I'!II',~ ///111 tlu' ('/1/(,,'1/('/11'(' I,llll/I/II,. (/" ,.1'/0/('/1 
III ",;1/;/111/11/ (///d I//I'/In lelll/ll,,.t/////'('.,, :\11111111/,/'(/, ('a/i/. 

, '1"·IllI ...·rntun· of air tllIr· IJllrallnl1 IIr p"rinll11II1I,'ldU'll" ill 1t'~1ill!! h\:-;t ill.!'uil 
1>1111, (If il1lrClIhwliulI ..- -------.......
i i 

;\1 h~.illllllll I l'.ll'an 

//1.11, 
XU\", I-I 

r.-f. 
XII\', ~".-\),'(', a 
IJI'C, li-\II 

I 

~ F I.110 
:11 
:11 
:11 

Q 

1'l1lrllolll('\',11 

F. l'·umlJrr 
r,li.1i 152 : 
r~t ; a,'oC1 ;
filii. I IIMI 
r,I.S . :!Ilul 

I': 1l1l'n.~I·tI 

lief(',.,,1 
2:t 7 
~:!.•' 
li.fl 
s. !t 

HUIIJ.!r 
, 

t 

I}O/y•• . \4:!- r,,\( 
·11- Hi 
1'~J4 ;u 
!I~I- ill ! 

.\ !c'1I II 

IJoI/I.• 
,~. f. 
r"i. [I 
1~1.f1 
CotH 

~II\·. .~-II 
11... 14 
IS-I\I 
~a-:tn 

W,lf: 
~.! 
2'.! 
~'!! 
?.! 

SI,X 
·W.S 
ft!!.H 
~\I. -I 

: 
~~~l . 
I~MI 
:UMI t 
:~MI 1 

:11.:, 
~Ui. 7 

7.11 
:\1.:\ 

, 
:!:I4 (iH t 
~~I- lei 
:m- J,:i 
Sf.... !·!:' 

:U.fi 
·Hi. -; 
.1(1. i 
Hi.l\ 

1.)I'c. 1-11 
ICl-I,~ 
ItI-:!:! 

2'1 
?.! 
2'.! 

.1j, S 
-li,H 
·IS,·I 

-11-1· 
4-1i I 
I~>fi f 

:-.·1 
II 
~t :! 

j~- \':1 

m-III:! 

!l~.n 

70. fi 

/fl.;; 
~O\·. :,!·t 
Il,'('. a·1i 

11-1·1 
~'U~21 

\lrc. ;lS-JIIII, :\ 

:\·1 
al 
:J:! 
:t! 
:t! 

m,i 
51.S 
[10. !I 
r.cu, 
51.11 

1 

~IMI ! 
~IMI 1 
·IIM! 
·I(HI 
~~MI 

;1·1 •• ' 
:!JI. ;, 
It!! 
:.!1. :, 
:\1 /I 

I 
:1:\ ti, , 
:m.. lil i 

III· i[, 
Ii· il 
:.:~- IiH 

:UI,V 
·IS.H 
m.:\ 
r,,"\. I 
ml.,1 

Jan. [...7 
la·~'O 
'!.') 

IIIIS i 
:I~ I 
!t! 

, 
a:! i 

! 

m.i 
::~I. ~ i 
.iU" ; 

:«HI 
:C17 
!II 

:.!~.It 

I" I 
".!~I !o'I 

IS ," i. - I:' t 
IS' 1'1 I 
·1:\ I,ll 

t:.()~ !i 
[I:!. ·1 
-IS. X 

LAHVAL HABITS 

LI':AF "'liNING 

011 halt'hill~ fl'olll I-hI' t'/!/!. till' lIIilllll(' lan'a 11111\'1':- a illtll I 1'01' a 
fl'\\' IIlillllll's !JpfOl'p bp/!illllillg to llIilll' ill a It'a f. It tllt'll fOt'lIlH a 
It'llt. of Hilk and IIlldel' this it 1;lItCI'~ tht, leu I' to 1'111'111 pitht'I' all IIppl~I'
i·all'flll'l' 01' a 10WI'I'-iilldll<:1' Illim~, :MllIlYllliIH'S III'(' III' IIll' s('''lwntilH~ 
type, \\'hl~I'l'IIH othel's al'(' .ahnoHt stTai/!ht (Ii/!. 1. .. 1 alld /1), AH til(' 
Im'vII t!1·\,l'llIps. tilt' 1111111(·1 is l'lItal'/!!'(l to filII thil'klll':;H of I ht' lea I' lind 
iH widt'lIcII til t.ht' II10teh type. of llIillU (fig'. 1. ('), TIlt' \'t'III(1val of. 
the IlIPHophyll eall:;t·!> till' tlpith)I'lllis Oil holh "1'1'1'1' alld lowPI' HlIl'fat'cH 
to appI'al' tJ'aIlHIHII't'lIt, Aftt'I' 1~IlII'I'in/! tIlt' It'll f'. I III' 1111'\:11 t'jP('tHils 
t'I'aHS into IIH' WI·b at till' ('nITaIH'I'. whil'lI fOl'lllH a Slwdl dad, IIHIS:; 
(Iig,l. I]). Nt'",I." fOI'llll'd IllilU'H al't' d\:\I'i\Clt'I'ixl'c!,lry rllis dlll'k HJlOt. 
Thll 1!'1It. to~ptht'l' with II HIIHlII R('etinn of I'll(' minI' al' its IJ('/!illnill/!~ 
i~ IIH('d liS II I·('tn'at. dlll'ill/! tilt' It'af-Hlilli\l~ pt'I'iod, Typi('al H1illill/! 
IIIHO oecl\I's ('OIlIIllOIlI\' ill tilt' (':dn( 101'1.':'; alld OI'\':lHioll:"'" 011 tIlt' Sll\'
fnel' of tIl(' fl'llit.·· . 
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LEAF FOLDING 

The tom/ito pinWOl'm, likc other members of the family Gelt'chiidae, 
is not highly specialized for th(~ le:d"lIlining type (If lilt-. NN,dhalll, 
}t~l'cst, lind 'i'othill (HI) I'ufer to lellf-minin~ memhel'i': (If tId!' falllily IIi': 
"borderline forms, leaf-mining being mixed with ot.ht~r habits." 
Aftet. spending,two instars or Ilbout half of its larval life as It leaf 
miner, the pinworm IUI'va emerges from the mine to form It pl"Otective 
leaf fold (fig. 1, 0 und J)), IIsllally in Ilnother part of the SIIIII(' leai' 
unless it hus beel1laq~ely consumed. This is accomplished hy spillllill:,r 
Il silken web across the SUI·face, which gmdually dl'awl{ it into II fold. 
Of Il gl'(I\I}l of 142 .larvae observed individually on the h.'aves of potted 
plants,64 percent folded the lenf that hlld been milled, 28 pet'celit left 
tlu~ ol'i:..!iual leaf amI folded anothel~, 5 percent drew 2 leaves to:,rether, 
IIlId a pet'cent bored into the plunt stem. 

The manner of feeding is not matet"illlly changed durinp:thp ICllf
folding period. Lut'vae continue to feed on the mt>sop~lyll of the 
lear but form large blotch mines which often cover the lal'/!er patt 
(If the leaf. Tlw leuf fold forms n retreat, or shdtel', fl'Otn which the 
larva cmwl!> t.o feell between the 1II01'C or less tl'an!'parent uppt!r alld 
lower !'indact's of the leaf. In the gt'eenhouse 78 pel'cent alld in the 
fieM 89 percent of the lan'no obscn'cd folcled over till' 1I1'1'"r !-'lIda(,t~ 
of. the leaf.

Oh~erv:ttions were made of each of 116 larvae (lurill/! tlH'it, leaf
lIIinin/! and lt~nf-foldin/! periods. They injured a total of aOi) It.'afld:;, 
or nil avel'llgc of 2.(;. Each of :3 larvae injured G l\'al\et!'. 

LARVAL ATTACK ON THE FRUIT 

TIl(' caly.x loh,,:.; of tOlllatoes an' commonly lIIill"tI in tit" :-:a II II' Illall
IICI' as are the Il'av(';;. Larvae that have lIIilll'll tim <:aln: lollt'!-'. alltl 
j;OIl.lI~ of those fl'Om Il'aws l\('ar tht' frnit, Lon' illto th;' frllit at till' 
timo lea f foldin~ would ordinarily occur.. The l'xaet OI'i:.rill of :ill 
In1'\'I\(' that I'll let· tlH.' fruit is not known, hilt till' t'x:IIllill:lt iOIl oi' :I 

II III 11 Lp I' (If infl'stcd tomato('f, ill the field throw:, !'(1II11' li/!lIt 011 th(' 
qlll'stioll. In la of 20 tomatOl's frOll1 a lH':tvil~' illfl'!-'tl,d li"ltI. 1'1'0111 1 
to (j of the calyx lohl's of l'nch Ol\l' had bcell lIIim'(\. '1'11('1'" \\'I'n~ :I 

total of:-\H lI1incd cnlyx lohl's out of a possible 120. a1lll -H lal'\':1I' hall 
I'ntcrl'll the 20 tomatoes. Of tllt'se lal'val' 20 Wl'J'(' third ill!-'tar" alld 
2; were either fourth instal'S Ol' had lcft the fruit to pnpatl>. 1-;HCP 

0111, of 20 of the infcstcIl frllit examined lHlel no Hillell('(' of IIlillill/! 
in the calyx lobcs. Larval' nSllally cIIlt'r the frllit h"lIeath HII' calyx 
or the stem, yet these cxaminations i':howed thnt thl'n' wert' 2(i I'n
tl~allcC holes 1n othm' plac-es as well. 

Thcse dabl lcad to the followin~ conclusion::;: (1) That larnw 
cnter the fruit at the beginning of the third stadilllll. (2) that a lar/!~' 
percentnge of the larvae t1u~t nUnt'k the fruit. /!o din'ctly into the 
frllit. frOIll their lIIim'i': ill the (:alyx lobI'S. and (a) that a ~lIh!.:talltial 
number of the larvHe that attack the fl'llit conI{' frolll Il'a \'1':' lIt'ar thl' 
frllit. 

PUPATION 

l>upation m'Cllr!> at or nt'ar the slIrfnce of thl' !'oil. A fl'''' I.'XI:I'P
tionR to this h:,,"c bl'l'll rC(,(ll'Clell. hilt t1H'Sl' ha\'(' hl'('\1 l':tn~. !-'W\'zl'y 
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(1"7) repul'ted pupation in tomato leu\'c!:i ill Hawaii, aIHI thc uuthol's 
hlu'e occllsionally ohscl'ved pinwoL'm pupae ill led folds, in tim fruit, 
:llld Oil til\! sides of bl'eCding ca~l'S. l'holllllS (.18) repol'ts similar ob
st.\l·vntions under gL'l!cnhousc conditiolls ill llcllllsylvania, 

The actual depth of pupation hus heen illvesti~ated lIy Hifting the 
soil Ucm'ath sevel'lll plalltl:l ill tht, field and hy sctting up t'XIWl'illlcnts 
t:olllpul"Ilblu to field comlitions, III till' lidd. all of 627 l"ip:W reco\' 
tll'ull were within 1Y:.! inche!'i of the sudacc, 98 pcrcent within 1 inch, 
ami 89 pet'cent within 1h inch, III pl't~viom;ly siftl~d soil l)t'lIl~ath Ims
lwts of infested tOIll"t.oes, ~15 pllpat~ WI~I'l~ l'l't()vc(,(~ll. All tlll'SC wCl'e 
within If:! inch of. ~he slIrfaCI! ami (iI) pel'Cl'lIt werl~ on tlw slIrface. 

In other expel:illll~lIh; 111'1'1)11 pal larv:\l' and pupal' wm'j' hUl'icd at. 
diffcl'ent depths in soil in (i-incll lIowl'l'pots to dl,tel'lllill(~ if the in
SI'Ct cOIIIII SIII'\'i\'(' till' pupal sta~c if 1IlII'ied, Thl' pel'l'l'ntagl's of 
lIormal moths emcl'~ill~ in thl'Sl' tests Wl'!'l\ li(i, 4, ~, 0, and 0 f!'Om 
t.hl\ soil SlIrface ulHl from depths of 1~, 2, ~~, alld a illl'i\('s. 
1'l~spccti vely,

Two badly injurell moths cllIcrg('ll fl'om pupue bUl'il'd at ~Ih inches, 
Sincl' pinworm moths wcre not abll' to l'nl('rge nOI'IlI:t1ly wht'n lal'\':1I' 
W('I·t' ImricII 2 O!' III0 J'(' inches in the soil. it. is pl'Ohahlt, that tUl'llin~ 
milICI' thl' sudac(' soil to greatcr depths by plowing WOlllil he an 
effective llleaSI\l't~ of control. 

NATUHAL ENEMIES 

Para:;itization of t.hl' tOlllalo pinwol'llI ill leaf folds alld ill thl~ frllit 
i;-; e()1lI111011. HWl'zn." (1'7) l'(~pOl'tl'tl 1)l) pl.'ITen! larvlIl pal'asitizat iOIl hy 
AII.(/ifia. b!m'/,-bll'I'/I; Calli. ill JIawaii. Tholllas (If)) lists A, 1('1'1'/1

!Ii." 6 IJ/'" ( Ashlll.), .11 ;"l'obl'(/('oJl. )lwi('o/(1 (.\Slllll,), a lid AIJ(//lfe/I'8 
('Ilillo/if((' ViN'. as parasitl'''; of tilt' pillwol'llI ill 1>cnllsyl\'ania, Out of 
;w~ pl't'pllpallal'val' placl,d ill pllpatioll raeks at Alhallllll'a, Calif,. dlll'
ing NO\'I'llIhcl' alld 'J )pet'lIlhl'r. I!l:\;"i. Hi pt'lTI'lIt WCI'I' parasitizt,d Th.. 
followillg pal':Isit"s \\'('1'(' 1It'\t'I'llIilll'd 1'1'0111 those ellll'l'gillg: AIII/litl'
I(',~ '~('/lfl'IIf1J'i., Mill'S .. 8.t1l11pil·NiN ,<tiflJlwi'il'(''IIIli" (iil'alllt.'· ('/il'/mlll,'; 
/lht/Hll'illllll't/I' (;ahall. (J/lIllPOjJlt',I' /1/dhm'illllU'f!(, (ClIsh.). alld a III'W 
SIH'l'il's of AII!!ilifl." 

Othl'l' sp('cics of parasih's n':In't! 1'1'0111 tomato pillworlll l:In'al' 
('ollt,l'tet! fl'om variolls loealitil's in Cnlifornia nl'c JJol'lIIill.' Ill/flit/illl's 

Aslllll,,' ~hlgiti(1. l('rl'''!lil'eil'l\' (Ash III,) ,0 'Petru,,1 ;',111/,' sp,;' a lid 
Alla/lt('/(•.~ tli!/IIU'I Mill'S. TI\(' last was dl'scribe~l frolll llIatl'l'ial !'l'al'l'd 
frolll tomato pihWOrll\ 1:11'\,:11' frolll Santa Ana. ('alif" ill W:\(i (I,i) , 
}"I'olll eollectiolls of tOllluto Il'affolds pl:lCI~tl ill l'mt'I.'gl'lH'I' t'agcs in 
tht, labot'atol'Y till' follo",illg pamsih's t~mcq...J"(~tl: Z(JlI'()IJi.~ >'p.. (/u[oZaG
(·'t.~ {(.(·IIf'()/);'l'idi,~ (Gil',), III1tI l';'·I'!I-,{)(,Iw.l'i" sp.' 

An t'xamillatioll of Il'af folds in t.",o I1dtls ill O!'allgt' ('ount,\'. Calif,~ 
ill Odobl'l' waH l~cVl~alt'd that,ll pt'l'l'l'nt of t.he Il~uf foldl'l's,wl'l'l' pam
sitiy.NI. l>al'l\sitizatioll of lal'\'at~ ill the fmit was ohsl'\'\'l'i1 C'Olllnltlll!\' 
ill tlll'sc lit,lds, Pal'asitl's Itan' IIIltlouhh,t1ly bel'n all impol'tant f:u,tt;r 
in till' gradual dl'crense ill pill\\'OI'm alllllH)aIlt'l' SillCl' ahollt \!I:\G. thl' 
pI'l'iot! of maximllllluhlllltlancc. until Hl4l. wilen a loW poilit in de~n~l! 
of pillwol"m illjlll'Y was n~achcd, 

) Ut'''''I"mhwtl hy P. If. '1'imlw,rlnkc . 
• \I••t.'rlllill.~1 hy H. A. ('lIshllmll. 

1 1~.It'rlllil..,.1 hy (', .... W. 1II11".ch.'ck, 

, lI~h'rlll"II·.1 loy A. II. (;,,100111. 
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UNDESIRABLE CULTUHAL PHACTICES 

TIll' 1II0Ht important. cultuml pructice cOlltl'ihlltillg" to pillworlll 
!le\'dupment II lid slIn'ivul is tilt· JlI·t·valt!lIt 1111111111.· .. of 11II1II1lillg" tomato 
pll1l1ts nftel' tlH' 1II111'ketuhle huit hUH I)t,'cn l"{'IIl(l\'(,d (ri). 'rht'Sl' plants, 
which III'(! usually 11(~;l\'ily illfl'sled hy pillWOI'1I1 lal'\'ue in all Htal!l':-; of 
IIc"l!loplllcllt, still Clll'I'Y u lal'~l' IIl1l1lher of infl·stl·t1 frllits. To hasten 
the prcpamtioll of the soil fOl' a Ill'\\" crop. ill an'as wh(~l"c 11101"('. Ulan 
(lIl(> Cl':I\l I'el'l-wasun iH possihle, th('He plallts lIIay hI' 1'lIt anti pilell along 
tht' ed/,!(~ uf the field 411' 011 adjoining 1111118('<1 lalld. Pinworlll IlIl"nu~ liS 

UI(\\' mallll'll l('lIvl' the pilNl-up plnllti-i to pllpal(· ill tlll' soil alltl t!'ash 
SllIiollllciillg' alld hem'ath tllt~lII. MallY illllllatlll'(' 1:11'\';11' "'hie'h IIl'e 
f()l'c:ed to lell\'!' t1H! f()lilll!t· at; it d ..it's an' ahl(· to (·olllpldl' dl'\'t'i0Plllcnt 
ill thl' fl'"it Idt 011 till' plallts, whi(,h oftcn \'l'lIlaim; smltHI fot'se\'(!!'lI1 
weel,;s, (lIl1l1 ('frod to dt'termim' jw;t what l,trl'd tllt'sp old plllllts !aave 
011 pillWOl'1Il slIITinti. SOli\(, of tl\('sl' plallts W(,\,l' ('O\'l'rctl with hlt'ge 
~'lIl!e~ to tl'IIP thl' lIIoths that 1·lIIel'l!ed. By fl'~'(I"pllt t'xalllillatiull of 
thc eng-l'S it was f01ll1l1 thltt BIOtin; ('OlltilllWd to ('IIII'I'I!C' fl'OII1 thl' old 
plallts fol' ... months uftel' tlll'il' l'elllO\'al hom tht' lielll ill NO\'('II,hel' 
/9:U, 'rlIt'Sl' /IIoth!'; O\·iWlsitNI I'cadily whclI takl'lI to thl' lahol'lItOl',\', 

Old planti-i wel'e also hrollght to AlIlIIIllbm at illtpl'\'uls durilll! the 
pt~l'i(Jd \\,111.'11 plallts \\'C~I'I' 1I~lfally lakell fl'OIlI tI\(· n(·ld all(/ placl·(t 
Ii\'(· to II clIge. ill II IIIl11lbl'r of "CI'I'(~II t:HI!I·:-;. .\ 1'1'('01 tI I)f lIloth 1'1111"'
gell(,(~(1'II1II I h(' plallts in th(' elll!('s was /';('pt. As sho\\'11 ill talJl(· ii, the 
IWl'iclc\ fl'lI'" tht.' datl' the plallts \\'PI'l' talu.·11 f"Olll till' tit'ld IIl1til the 
last IIlOlh 1'/lH"'!!"" l'IIlIW,<1 fl'OIlI 7H tn 13(j days. 

'I'.IIII.}: ;;.' -Hill/'nll'III'/' Of /11II1iI/O /lillll"lll'llI II/I)/h .• f!'lml ",I!I':,' II'//('/I .j /il'I/l'iI/1 ill

"'•• "'(/ ,,1111/'.' "ar/'!I;I/II " """111 11111"'1111 of f"Ilil "'f' '111 /1/1' 1",1111-' afl"" !tlll'l""" 
/f,'",' 1""""11 ;1/ nll'l! ,'/lI('I'!II'/If'(' ('II!fI' III .11"0111111'11. ('lllif.. 1!1.q···.{.; 

1),,1.' j,r

'111'llr'I\~I!I\'(',r\"I"r~ I ,Iuru 


, ililrOthu,·· 
durin!:. h'~1 I iolt 

f'. n"q< X"i1.',rr Illr!l.~ 
t,,~~a 0(,1. :\ (lI-l !.~I·II.'('. !!1 ;;t II.; 7U 
:'7. ;) tin 0,'1 :"~I·Jnll~ , 71) :tll,,\ !h'i 

;\ :17.~ Oet. !!:i ~n\ . ~,Jnn. :!:l ~:! ~I!I t,:!
,I .:i:t.H I :-""tH. :1 ,~II\ !'''''-f'h. III:, :i:~,j III.., .; :\:!.i' i :\'I\,. (I Xu\" . W·F,·h. I:! ~!I 110 !IIII 
Ii oS:!.,1 I XU\'. ~"1', XliV, ~i,...\tlr. II la.~, :,tl I:~i 
7 !'I:!;.;J , I)",., III 1),-(-. 17· F.,h. !.If' I:! j~ 

~ 51.fi Jnn~ ·1 JIlIl. III--'IIIL :!» .. .\:t ~!I " 
\~l-ml!I,,, ,~t.fl !Ir.. ,;''-7 

.A IH'l\('liI;(' (,\'l'lI IIIUn' fa\'iltahlt, to pillWOI'1I1 :;I\I'\'I\';\! is that of I('a\', 
illl!th~' old "il"':; lIlIlIlOll'Stl'!1 a.ftl·1' U«'lIlal'kl!tahl(' crllp 11:\" h('('11 pie\wd. 
The plullts ill ~lIdl lipids oftl'lI 1'(,lIIaill ill \'Hl'iulIS c'ol((ljtillll:' of I!rowth 
(hrOllg\tollt tht' willtpl' 01' fm' 11l111! IlI'riotis dllrilll! tilt' ;1('1 in' l!l'owill:,! 
:'('a:;()Il. As IOIIl! as 1!1't'('1I foliagl' 'II' fl'(':-;h (\'II it \'I'llIaill ill :;I\('h til,lds 
jhl' pillWII"1II i:; ahli' to l'Ollt illll(' dj·\'(·IIlPllll·lIt. Moth:; 11;1\'(' fn'I(I\\,"tly 
bl'plI O!)Sl'I'\'pd ('1I11'1'l!illl! (..0111 thl' soil ill Slid. {j('ld~ for :-;~\'pral Wt'I'!,;S 
a ftt~I' lie\\, crop;.; had he~n i'l·t Ollt ill adjoillillg lit'lds-ill ollt' l'aSI' at 
till' rail' of;i pI.·I· plnll! to I!O to a tOlllalo fidd whic'h had h('('l1 !"t'!. ollt 
15 day:; pl'm'iolls. 
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Othcr Jll'lldiccs fll,'orublt' to pillWOl'1II sIII'vi\'1I1 lI11d di~sl'llIilllltillll 
hl'U tll(~CIIl,,!It'ss disposlIl or infcsted I'lIl1cd fl'lIit II Ill! tll4' liSt' of illl'l.':-;I\,t! 
sccdlillg plllnts, 

LABOItATOItY INSE,CTICIDE TESTS 

A l:ilJOl'lItol'Y Ilwtholl of It,:;;tillg tilt' n,llIth'c cn'l'~'j i""11":":-; of \'al'iI!IIH 
ill:-;I.,cticidt.'!; pl't~lilllilllll'Y to tlH'il' liSt' ill tilt' lil'ld ('oll:-;i:-:.II'II of tilt.' IIIIi
f01'11l tt't'lItUIl'IIt. of pot.tell 10lllato pllllltl-> t'al'l'yillglO pillWOrlll 1I11'\,UI' 
PI'I' plllllt. '1'11(, 1IlI"'IIt.' wht'll :I 01' 4 dllYs old WCI'(,' ITa 11:-;1'1'1'1:1,11 to poth,lI 
plallts, Mol'(' Ihllll 10 wcn' pllll'('(1 011 I'aeh plllllt 111111 1111.'11 all attelllpt 
wus IIlll(h: to l'CIIIO\'l' 1111 of thl'II1 ('",cept 10 hdon' 11"'111 lilt.' II I. III~I.'('
th.'idt's Wt'!'t' nPl'li.:1I lI11ifol'llll," hy I!silll! a small dll:..1 hlo\\'l'l' fl'I/1I1 
whklt O,!.lI!I'11I1I of dllst was dt·li".'I'l,d l'lIl'1t till'" by hlo\\'illl! it allollt. 
This dIlStl~I' (fig, ·l) cOlIsistNI of a {tube fl'Ol1i a slliall dllst 1,111\\'1.'1

FWI·lltl·\.··· ':->1111111 ,1I1>\It'I' 1'1'(111.1 wllie'll II wt·IJ.:".·.1 '11I1I1I.lrr til' .hl~' I~ 101111\'11. Th.· 
Ihll'f WII~ ,~,"llllt',1 '0 :t IIl'lhlll .. UI'I'II al'illlllll I hI.' (llulI' ,,~' ;I lall ~Iu.l''' l'yJiIIlI'.'I' 
"lIppl"II"'III,'" hy II IlllSh,lHIIJI'l1 ,~~·lIllIll'I'. 
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aUnched to tl cork which tlttt'CIIl bUl'ette Clip. '1'/\(\ dllst WIIS cOllfined 
to Il definite urell :1I'Olllld the plant by 1111 UJf:!-illch ('y Ii 1111 cr. The 
phlllt was SlIpporte:d 011 II "otllting phollol!l'aph tlll'ntnble du1'illg
h~ntll\ent. Tho 11IlifOl'mity of trclltmcut waH tl':.;h·d fl'equently by 
exposillg weighed glllss slilles III plaut /wi/!/tt wllieh W{'I'e l'l\wcighed 
to detcnllille tilt) dust deposit. Oil I) slides thus l'xl):J~I.d, the dt'PI'f;it 
tlf dust mllg-ed from lOB to 150 micl'ogl'lIl1tiol P('I' :O;'1"a l'l' 1'('ntinwtt!I', 

The plllllts were trented just before the lal'\'a(' Wi'I'I~ 111H~ to lellve 
tlleil' milles to ionn Iell f folds, Ahout 10 <In vs la(el', 01' Whl'l\ the . 
lal'vae left tho plallts to pupate, they wel'!! il'lIppec!' aud counted, 
This was dOlle by ill'L'lIl1gillg OVt!I' elldl nlnllt a No, 2 lantel'H I!looo 
SIIPPOl.'ted by a sllIull plywood pllltfOl'1II c(J\'el'('<1 ,,'itll pap!!I' which 
wus sealed III'O\ll\(\ the plallt with /!III1Il!ICd pllpel' alld ('olton (fig-. Ii), 

I·'uamt: ;J.-~lclh(Jtl uf l\'a1111i lll; III" 11I1I1al41 JlillWfll'1Il Jal'\'III' "':!\';IIg' 1I1(~ II/allts It) 
11II11:ltl', Till' 1':11"'1' WUS l'fllIIl'll'II"r "I':iI,',1 a 1""11111 till' "Ialll h,\' a ,~II';p vt' 
glllUIII~'t1 P:HI!!I' lal"" 

'I'ltt' j lIi'ed ic illt's tested \\'1'1'(' d('ITi:- root 1'0111 ai II iliP: ~.O \wn;cIIL of 
rotellone a uti 11.t; /Ien'c '/I t of ctller l'xtl'act iWP: t'Ollti i tioll(,t1 CIlPl'OlIS 

(',va Hidi' t'ollinillilll! 84 Pt'I'('l'lIt Ilf t'U\lI'OllS "yallitlt,; Ullt'OllditiollCtl 
a

t'lIl 'Utl:; l~Yllllidl' (,tmtllilljll/! HS,4- 1)(~I'('ellt of (:11\11'011:-; eyullidt'; plll'lIo
tiliazillC prneticaIly pun': lIalllt'al t't'yolit~ cOlltaiuiUI! !lO P~'I'l'l'lIt of 
sodium fluOllltllUilllltl'; ill/pOI'I('d :<ynthetic t'l'y,jlit~, ('olltaillillg !l:3 jlcr
tl.'lIt of l')l)dillm flIIOlllllllli,w/{.: Il'ad al':-;Nla!t': HIt/fill' Ilit,'idl', a lahol'a
tor.r-pI7cpaJ't~1l l'I:tIuplp i (':II('illlll a1"1«'lIa(e, U11 11I1t! i Int ('tI ('Ollllllcl'('ial 
mutt'rial; ('oppel' ('."llll:lIlIid(', II (,Ollllllt"'cial IIlutel'i:rI l'olltaillilll! 34.4 
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peJ'(.'cnt of coppet' cYllnllmide diluted with gypsum; pyl':!t h\'11\I I. all 
llxtl"llct-impl'egnllted dllst containing 0,34 pe\'ccnt of py\'ethl:in I ami 
0040 pe\'cent uf pYl'eth\'in II; Imd devil's shuestrhll,r cOlllailling 1.7 
percent of rotenone nIHI 7,5 percent of carbon tetrnchlori(\c extrac
tives. All dilution percentnges Inter mentioned refe\' \0 the IUtUllInt 
of active chcmical unless noted otherwise. 

'l'he slIl'"ivul of pinworm larvae on 17 groups of 5 ulltl"eah'(\ planbi 
ellch used us checks duL"ing these tests ranged f\"Om 4a to ;;:\, with a 
\\lean of .17.5, the stnndard of error of which was O,G, 'fht' l'XIH'cted 
number of sm'vivors WIIS 50 \au'vae per :~rollp of 5 plants, hilt owing 
to :failure in l"Cducing the lluJllIll'r to 10 in SOllie emil'S an l'xtrn nne 
occurred occasionally. l ..ar"ul survival was t:hcrefon~ sutliciently uni
form to serVl~ as It hilsis for insecticide tests. ' 

'1'ahle. (j shows II SUlIlllllll'y of the tests when the plunts WPl'e tn'atetl 

by the Jlll!thmi described, Qlle strikill~ featmc of the~;l' rN;ults is 

ti.e low t'lfectivClWSS of lead arscnate and calcium Ilrsenate ('()\\Iparcd 


with thatof cryolite. 

'\\\111••: fi.-NI'tiliction in IIll/lIllel' 'If '011/"'0 IlilllVorm I,/I'/,,,e al /1/(' lillie /I/CH Icfl 

Ihe !-'f'I/",1 """""'0 I""mlc, nffc,' cad~ Illf""., "fl/.,."illi/ n 1lIIllUI"fillll tlr to 1,,,.,.flC, 

Iwd 111'('11 1I'I'fl/(',1 rr:ith o,:! //1'11"" of ill.<l'c/ieillc, ..1/1/(/11//11'11, ('"lif, (;"""1'1'/ 

;11 .•('dil';til' ,(""", /!/:W 

H,'cludiolt
1.llrnu' illlllllllht.·r 
lf~·d ofl:Ir\'lu' 

\ 
·I-~ ~~.. - 

S'um',a I 'art ,,1t 

:'.. MI i 
llll)turh.tl ~~·I1I.1U.tit· ('ryolHt' nl1ll lnlt' chlSI (r~ll""r,,·nl ~1CliulU flUHllllllllinnh') I~'I 
.:"nlurnl ,'n nlilt' nwl lulu dll~l. (r.c..ll",·n,·nL :-;tHlmlll IhI11nhullinah.·) totl. 
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FIELD INSECTICIDE TESTS 

~'lAn;ltlAL" AND METIIOf)S 

F'idd illsedicid.., h'sts \\"1'1'(' IJ('1!11Il in .waG :lJld cOlltilllll'd thl'olll!h 
]1)41. fmpl'o\'('IIIt'llts ill expcl'illlclltal t1l'sil!n ami ill llwtho(]!; of 
l'\'alllntinl! thl' I'eslllh; of cOlltl'01 WCl'l' adoptcd f!'OlII y(~al' to ycal'. 
TI\(' iIISl'ct icid(·s i ncludt'd COil tact a lid stomach poisolls in both sPI'llY 
and d list fot'llls, 

Thl' follo\\"ill;.! contact: illSl'ctieidl's \\"('1'(, 1I!;!'d: ;\ mI'C\illlll SlIlIllller 
oil ~mi Sl'('oll<lS Sayboit "is('osity lit 100° F.), an oil elllllision (Ga sec
onils Sayholt \'i:-:cosit.y at 100° F,). ('OIllIll('I'('ial nicotillt, slIlfatt' con
tllillill;.! 40 1lt'I'c(,1l1 of lIil'otill ..·• a l'OIllIlll'I'eial I'Yl'd11l'1I11l 1II'(~pa1'llti()n 
containing" 2 pel'cellt. of PYl'dlll'ills ill th(' fonll of II soillt iOIl ill oil 
('olltt!d IIpon a dllst matel'ial, P.YI'cthl'lIl1l extl'act eOlllninill;.! 2 ce. of 
PYl'ctlll'imi to WO cc.• a thi(lcyalllllc (BB' bllt(lxy thiocynllodiethyl 
ethel'), a 11(1 a:iO-llwsh SII ifill', 

TIlt' follo\\"ill;.! slolllach poisolls w('n' h'sted: Xatlll'Hl cl',yolit(' ('on
tainill;.! 90 PCI'('('llt of sodillm fllloallllllillatc; impOI'tt'd synthetic (:I'yo
lite (,Olltllillill;.! U:.\ pCl'n'lI!: of sodilllll fllloallllllillatt·; dOllwstil' sYlltlwtic 
l'I'yolitt' cOlltainill;.! S;I !lP['('I'llt of sodilllll fllloaltllllillail'; 11I1l'(llIditioIlC<i 
CIlPI'OIlS (.'yallide ('olltaillill;.! !l8.4 1'1'I'C(.'Ilt of CIII'I'OIlS l'yallidl'j COlllii
timlt'd (,IIPI'OIlS ('.\'11 II itll' with II dl'f\o('t'lIlatill;.! a;.!I.·lIt addl'd dlll'ill~ 
lIIalluflll'tlll'P. l'oll/Ilinill;.! H'l pI'n'l'lIt of ('IIPI'OIlS ('yallilil'; ('OPPI'I' ('y_ 
alllllllide. a <'I'I lilt· IlIatl'l'ial ('olltaillillg 21.:\ PI'I"'l'lIt of ('0ppI'I' 1I11i! Ii;i.;~ 
PlI ITI'llt of ;.!VpSIIlIl: (':III'illlll a 1'1'1'11 a 1 1'. a ('0111111011 l'OIlIllIl~I'l'ial hl'alltl: 
phl'lIothiazill'(·. pl'adil'all.v ('hl'llIieally plll'l': pmnll'l'l'd l'lIbl' 01' t1I'ITis 
1'001 ('olilaillill;.! aPl'l'oxilllah'ly ;i,O Pl'['('('lIt of I'Oh'1I01ll' ami 2G.4 P('I'_ 
('(,lit of I(,tal t'xll'adi\'('~; alld ('lIh(' or tll'lTis l'xt.l'al'i' ('olltaillill;.! 2 
(WITl'lIt 01' l'oh'lIolll'. ,A I'l'd 1'lIll1'OIlS oxidl' ('olltaillill;.! !lG.:; pl'l'l'l!lIt 
of ('11"0 wmi 1I~l'd a~ II fllll;.!il'idll. ill ('olllhillatioll with nyolill' wlll'l'l' 
illdi('ated. 

~Io~t of thl' <IlIsl IIlixllIl'l'S I'olltaillt'd a sill;.!It, diltll'lIl. 400-IIH·~It t:llt', 
III !;p('l'i(lr (':lH'S otlll'l' tlihll'lI!S \\'1'1'1' IIs('d with talt'. Tll\'sl'dihh'lIts 
l'l)lIsi~ll'd of a li;.!ht. (illl·l.\" ;.!I'Ollllti <IiatolllHl'l'OIlS ('al'th, \\'allllll-shl'lI 
flollr. alltl 1'('d\\'oo<l-h"I''' /10111', 

Spl'ayillg \\'a~ 1I('('l'ssal'y ill tl'still;.! ('PI'/aill liqllid iIlS('di('idl'S, SOliII' 
dllst 1l1:11(,l'ials \\'('1'(' jlliit liS I'lfl'l'! i,'(' wllt'll IIsl'lI ill II liqllitl Illl'tiilllll. 
hilt <Il1iitill;.! was foulld to ht' 1I101'l' ('l'OIlOlllil'al thall sJll'ayill;.!, 

TIll' <llIl't:< \\'('n' applil'tI to plots aboll't Oll\'-tt'llth aCI't· ill sizt, ill 
W;\G. 1H;\T. :I lit! W:'H. 11111'-1 w(,lIf il.'t h "<:I'\.' iII UNO. a lid 0111'- fort il,t II acn' 
ill w,n. notal'.\' hallt! dll:<II'I's (Ii;.!. H) "'I'l'l' IIS('<I. Til ('a('h I'xpI'I'illlt'lI! 
("oll<llld('d ill tlll'/in';l a )'I':II'S 4 or :i 1'l.'plit'lIh·:-; \\'('1:\' 11111<1 ... ill 1':11'11 fit· Iii ; 
wll('l'('as ill W,IO alldW41 1'1'0111 IO to 12 \\'('1'(' II!-it'll. III allex(lI'I'illlt'lIts 
tl\(' lill:<t tn'atillPllb \\'('1'(, al'si;.!lIl'd to till' pl"l:-; hy thl' I'allllolllizl'd
hloek IIl\'lhoti. '1'111' pl:lllb \\'1'1.'1' tllOJ'oll;.!llIy ('O\'I'I'l'd 'al eal'll :lppli('a
tioll. a It I10II;.!II this I'('qllin'd dllsi inl! fl'olll I,olh ~itll's of (':lI'h Whl'll the 
plallts he('alll(' lal';.!p. 

'l'h('I'(ll'lIYI' ,,'I'I't' IIslIally applied at a PI'!'SSIII'I' of aim (lOllllds 10 lOll;.!. 
lIalTO\\' ploll' I'ix 01' 11101'(' I'o\\'",: widl' by 1II(,:lIIS of a til 1'('1'-1'0\\' 1101'i'1'
tll'awn pOWl'1' SllI'aYl.'l' (fi;.!.1) I'qllippt'd witlt 1'0111' 1I0zzl.,s to I'lll'h I'll\\'. 
I~xI'I'pt ill the In'illl' fipld B. IIl1ly 011\' III' t\\'o l'I'plil'lIll's \\'1'1'1' Htadl' of 
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FlIa}lt~: v..·..PIli'IIIlJ.! ItlllIlIl'.I"s \\'ilh II I'IIIIII'Y halld (11IsH'1' rill' 'oillal" "ill\\'III"IIi 
e<.llltruI. 

FII;lIU~: 7_-~\II·:t)'illJ.! IIIlIIlIlol"S wil h II Iltl',"'-I'IIW 1'"\\'1'1' SI"·:t~·I'I· fill' ".,lIi 1',,1 IIr 
I hI' 1"1IU110 I'ill",,,I'III. Th,' "hlIlIS sh..,\\'11 h"I'I'lIll1slntlt' lit., 111'''1"'1' lillll' III hl'J.!ill 

11"':\ I 1II~'III. 
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the ta-eutments upplicd hy the pow..r spmyt.~l', In oIll' fielll fOUl' 
replicutes were mllde with haml spl'!lyers on one-tenth-acn' plots, 

The first. genel'lll plan of tomato pinworm control WIIS to mllke 
thl'ell 01' fOUl' appliclltiom; of insccticides during till' frllit-setting 
Jlet'iod Ilt I,bout. 14-da,Y intet'vals, This nsually plact.'11 the last appli
Clition 1 to 2 weeks hefort' th(· fin,t picking, Variations from this 
sclwdule, were all extm application on the young plants Iwfonl the 
fmit, hegun to set, 01' OIW appliclttioll after the first picking, III some 
caSt~s applications wel'e made at 10-day intcrvals, 

Befm'c 1940 all 01' PlII't of the frllit from the n'ntl'Hl an'a of each 
plot wus eXlImincd. and th(' IU}l'cClltagc af fl'llit illjllrNl h)' till' lomato 
lillwonn WHS tablliated without rcgard to tlthel' inj\ll'it'g which mightIlH.Vll mude the fl'llit IInfit for IIlaL'kl~t. During }!,.JO and l!),U ff:lI!' 
and five plants, rcspcctively. wcre stal;:ctl nClll' til(' cell!t'\" of each plot, 
alld all til{' fmit as it ripem'd was picked frolll tlH'1II alld CXlIllIill~cl 
liS II bnsisfol' rcslllts of cOlltl'O\. 'I'll(' I'cl,mlts Wt'l'e thl'lI l'xpn.'ssl'(.l, as 
hl,fore. ill pen'('lltages of fl'lIit.!; injllre(\. Hnd finally in pCl'cI~ntagc re
duction of injlll'Y in trcatcd plots us comparcd with untl'cated plots, 
'Vhenovcr pcrcent control is mentioncd it refcl's to this re\utiftnship, 
Any fllrt~le~' details conc(~rning met.hods 01' mah'l'ials aI'll di!;(,lIssed 
IH'iol' to glvmg the 1'e!'ililtS of contl'Ol for (~uch year, 

In Hl:I(j !It'ITis-tuIe (ll1:';t I'onl a i II illg O,7fi )I('rl:('n t 0 f ..otmOIIt'. ('011
ditiOlH'd ClllH'OIlS cyullidl'-tale dllst 1'00Ituillillg ~() )lI'ITt'nt l,'III"'OIlS 
e),unidl'. nat.ul'al 1;",Y0litt·-la\(' dllst, containing fiO IlPl'I:('nt Hodiul'l1 
f1l1oulmninatl'. and phellotbiul'.ilH'-tal(' du:;t. eOlllaining ~O p('rccnt 
VhCllothial'.illt., \\'l'\'(' applipd th\'(,p tillll'S, 12 Iluy~ apart, to a \'cl'y 
heavily illfl'stcd tomuto fh'ld, Tlti ..t~'-six pel'c('nt of thl' ,.;mall gl'l'cn 
fruit as ",(,II us most of til(' lean's \\'l'1't.1 infested bdol'l' tl'l'atllicllt h('
gun, On fOil .. I'l'plil.'atl's tn'atl'd with ('aeb matt~I'ial tIl\' avel'ug!' de
gl'l'P of fl'uil injll"Y rallgl'd f ..olll 42 to fi7 pel'c,'nt at'teL: ins('cticid(' 
tl'catlll('nt. Son\(' dt'gl'l'l' of COlltl'lil was intiicall'll ill till' l'I'Ylllih' and 
cuprous ('yanide plots, hilt Ill\' din't~I'I'!H'l' was nOl significant, No 
control was indicatl'C1 ill tIll' de ....is aIHI phcnothial'.ilw plots, III al,ldi
{ioll 10 till' fact that tomato pillWOl'1lI inft~stalions slIeh as thi~ are 
tliflicult to ('ontroL the tl'l'atnwllts did lI0t pl'Otl'd til\' plallts ",'cr a 
suflieit'ntly 1t1Jlg \lI'riod, Latl'l' I'Xlw..il'II(,1' has It,d 10 til\' t'1II11;itlsioll 
that one cady iIlSt·l'ticitil' applicatioll 011 Ih(\ yllllllg "illt's alHl another 
aftcr \)iCkillg bl,·gan. in a<111ition to tIll' t\lI'\!(' applil:atillns 1I1111!t', wOllld 
hllv(' )~'cn l'('fJllil'ed to (:olltl'ol tht.' tOlllato pillWOI'l1I 111111,'1' tltt·Sl.~ 
cOlldition~, 

JnW3i tIlt' tn'atlllt'nts wei'!' ma<!t' 011 21fl fit,lt! plots. 01' :Iii al.~I'I'!i; 
and the nl'xt y('al' a:w plols. totalillg ·l2 :ICI'('S, Wl'l'\' II>'!'I\. Part of the 
l'eslIlts of tht'st' im:pdil'idal tl'l'atllll'llt!i al'l' PI'('sl'lItl'd ill lahh' 7, Some 
(~Xpel'illH'lIts havI' ),('('1\ olllitt('d fl'onl IIII' tahlt' hl'l'allSl' of :t laek IIf 
pillwol'nt :thIllHlalll'(': oth!'l's. h('e:tllf;t' of illl'OIll'1l1si",' l'I'SlIlt!i O\' ill
sullicil!llt data, All tn'atllwn! applical:JolH; in 1Hai aIHIW:\H \\'1'1'(' 

111:\(11. at 14--(\ay in(('ITals dlll'ill!! th,' IWI'iot! fl'lIIt1 fl'lIit SI'tf.illg to 10 
to 14 days PI'(·t'l'dillg tlll~ fil'st 11I:II:kt" pil'killg, 
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'1'.\'II.~; 7.- .1"juI'l/lo 101111110 fru;lx 111/1I1l' 111111"'011;"".01'/11 ;11 ('"lifol'II;" fill/II/rillY 
/'/,,'i(}I1,~ ;IINI'/'/;I'it/", /I'I'''/II/I'"I,~ ;1/ /11,17 tllltl liI,IIi·-('IIlIlillllf'd 

The results of illset'til'itlal i.n'attlll'lIt (lul'ill;! l!l!\j al\(I WaH illdil'atc 
that t:1',Volill' IIl1<1eolltlitiolll'lI t'IIPI'()II~ l'yallith' W('I'l' pl'Ohahl~' till' llIo!>t 
l'tfl'cliVl' IIIlIlel~ial~ IIS('(\ a;!aill~t. till' tOlll:lto pill\\'OI'1I1. PllI'lIothia;r.illt, 
was jllst as l'tl'\'ctiVl~ ill SOllll' l'asps, hilt. 1101 ill all. CakiulIl al's('IHlIl~ 
waS 1I0t. so IlII'l'divl' as (,1',Volitl' 01' t'IIPI'OIlH t'yallidl', M;i1l'l'ials IIsl'll 
in both (\IISt. al\(I Sp\'!l~' 1'01'111 WI'\'(' abolll ('qllall), l'II'l'l'Ii\'!' ill \~itlwl' 
IIWllilllll, '1'111' ('ollta('t illst,\,til'idl'S. :-:ll('h as lIil'olille slI\I'all', pyl'e
thl'lIlIl, alld It thiol',Yallate. Wl'n' Il'ss 1'11'1'('1 in' thall th" ~lolIl:\('h l'0i~OIlS, 
Oil did 1101. inel'\'lIs(' til(' (h';!\'l'I' of ('0111.1'01 whell m:l'd wit.h (,1',Volill!, 

'l'lll' dl';!I'l'e of \'olltl'ol was It,SS t hall is l'OIlSidl'n,(1 10 I", alll'll'mle 
wh(,11 tIlt' II II III b,,1' of illjlll'l'd fl'lIit l'xt'Pl'lh,d ~;; pp\'('pII t. ill till' 1\11
trl'a I I'll plots, Tilt' low dl'!!\'('I' of ('01111:01 is pal'tly dIll' to,l'apid pill
WOI'IIl 1I(,\'\'lop"II'11 whit'll {l'IHIs to lIIillillli:r.1' fhl' ,,11',,1'1 (If poi SOliS. 
('spl'l'iall." a fll'\' Il'l':1i IIWllt has IIl'l'lI tt'l'Il1ill:.t('ll. This f:u·t; i:-. illlls
tl'all,a hy tallh l . H. which shows IIH' tn'lI(\ of :I pillWOl'1lI illl',,~I.ation 
111\I'ill!! IIll' jIit'kill!! Sl'a:-:oll wlll'lI tht, last illsl'l'I'il'idl' applicatioll h:1(1 
hl~I'1I lIIa(h, 10 da."s hl'fol'l' pit'kill!! hl';!all, Altholl!!h tIll' ill('I'l'aHl' ill 
1'1'11 it. injHI'Y is 1101 alway!> so gl'l'al a!i Ihi~. tlw tn'll(l i!i thl' s:1Il11' I'X
('l'pl Vl'l',\' lat!' ill IIll' s('asOIl whl'lI ('001 w('atlll'\' l'l'tal'lls III\\la\o pin
wmlll activity, Insl'l'ticiil('H an' 1I0t. H"Hally applil'd IlI'al' II\' d\ll'ill~ 
till' l'i('ki II;! seasoll hl'l'U Wil' 0 f t h(' da n!!I'1' of l'x\'pssi VI' p"isOIl(lUS 
I'psidue 011 till' f.'lIit, Tn lall' to\llato fields ill Cali fOl'llia. whieh a\'c 
{hosl' \IIosl ('o\llll\olll.\' Ilanlll~llti hy thl' t.olllato pill\\'OI'III, till' piekillg: 
:wal'iOIl Inmally ('(lIl1l'S !1I11'ill!! lilt' hottl'si part of thl' SlInlllll~I', Silll~l' 
Ihis illSl'd is I'a\'m'l,d h.\' hot. dn' \\'('athl'l' it huiltls' III' rapidly in 
1I11111\)('\'S at a til\ll' \\'111'11 illsl'('li('idt's al'l' IIl1t wHlally applil'(l. 

Expl!l'il\ll'ntal lipids IIs('(l ill wan WI'\'(' So Imllly Ilalllll~I'd hy a slorm 
that not. l'1I01l;!h fl'llil was IH'olhlec,l to ~ivt' (lt~I"'I\llahh' I'l'~ults. 
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These experiments indicate thut fm' the year 1940 a more concen
b'ated control effort using applications nt 10-dny intel'Vllls dul"illg the 
:fruit-setting peL"iod followed by one npplication of efFective material 
nfter the fil'st picking wus more effective thun n. less concentmted 14
day tt'entment schedule, also during the fruit-setting period but sup
plemented by an upplicution on the young plnnts before fruit setting 
rn,gnn. Likewise, It trend is indicnted in fuvor of 70 percent Cl'yolite 
over the 50-percent strength. 

EXI'EIIUIEN'l."'8 OF 1941 

i'olllnto pinwOl'm infestations were very light thl'oughout the 1941 

season. No pinworm injl\l'y to IIllu:ket 01' cunning tomutoes was re

pOl·ted until Inte in the sen son and then only un occasional field was 

l'eported to he infested. .Experimentl11 plots were located in tomato 

fields in the J>acoimn Ill'ell of Los Angeles County, which nre usulLIly 

11euvily damaged by the tomnto pinWOl'lll. 

The pilln of expel"imentul contI'ol in 1941 was (1) t{) test an ad

hesive diluent in the form of powdered molasses, (2) to test an addi

tional copper compound in the form of cop pe t' sulfate, nnd (3) to 

give schedule 2 of the expedments of 1940 further kial. 

In the J>ncoimlL field C thl'ee illsecticidal applications were made at ~~: 
10-da~' intm'vals dUl'illg the fmit-setting period followed by one ap- ; 
plication a ftel' pickillg began. In 1>I1COIl1111 field D, applications were 
lIIadl' <lul'illg a similar pet'ioel except thut the fotll·th application WIIS 

omitt!;'« hel"allse of rain. Table 10 givcs thc results (If these 
trca tmcn ts, 


Tomato pinworm injlll''y in both l>ucoima fields in 1941 was \'Cl'y 

light wlwlI trcatment began and did Hot build lip enough to calise 

noticeahle COllllllcl'cial c\U1na~e. Copper sulfate WilS not, ('Irt'divc in 

field C, but was sli~htl'y c/l'cctivc if cOlllpnl'ed with thc III:';s in the 

untreatcd plots in lidd n. Powdered molasscs was of no vahm ns 

an adhcsive diltwnt fot, cryolite Ill' for C~lpr()w; cyanide, Thl'(l(\ appli 

cations of :10-perl'cnt cI'yol itt· 01' of 20-perccnt CUpl'UUS lI,Yanitlc dlll'

in~ the fl'u i t -sl'tti ng" )H'I'iod wcm I('ss effcctive than II sim i la I' schedule 

with a fourth application after picking began. 


TAIII.t: 10.--/ njur!l by /II(' 10;/1010 llilllrorm followil/(/ Ihe fl1111licflriolt of tliff(.renl 

-ililleclitlc,~, Pacoima, Calif., 19.',1 
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'l'''IILF. lO.--/JljHI·lI III' 1110 101111110 "il"VOI't1l followillu 'IIv lllllllicu/iol/ flf ,Uff''1'Cllt 
;II/1CCtiC;llciI, 1)/1/'11;1/111, Vlllif., ,W41-Cout.luuell 

1'ACOIMA FU~IJn n {\'IQKINO llEO.\N fle'e, III 

DISCUSSION OF CONTROL STUDIES 

.l"it,hl cxplll'iml)llts t1i:,;clI~~~d ill the \ll~e\' ious H~ctillll dCllllIllstl'lltcd 
thut the tOllluto pillWOI'l1i r:ay be cOIlt.l'olled hy till' applieatioll of 
('!'yolihl dilu!t·d with tuk to cOlltain 70 pel'cPII! of sodiulll Iluolllu
lI\i1111 tt:. .As It PI'\·.Clllltiol\l\I'Y measure this <ill:.;t lI\ixtut:l· shouHi btl ap
plied Cllle(: t.o tl\l' plallts ill the spe<lllHd ahout it Wt~llk bd'ol'tl t.lll~ plants 
IIl'e pulled, Aftlll' tlw plallts IIl'e ill the ticltl tlwy silolilil he illHIll'ctctl 
ofhm t.o ddN'l\Iillc whcth<.w pillWlII;1I\ \c.ti-foldlll's an' \lI'!'~'WIlt. if tlw 
1"11 \,t'8 of th\lyOUIl~ pia lit:.; :\ I'e folllld to he ill f!'st:{'d, II II II ppl ieatioll ot' 
!h(\ ::-;a\ll\\ IIl1ltm'ial sholl\cI 1m made without, delay, Whetllll\' these 
\'IIl'li(\t, tl'Clltn\\l\Its ha\'(~ h('llll \tHull' Ill' Hut, tim el',,;olittl dllstlllixllll'c 
i;ho"lcI h(\ HPplit·d whull tlw fin.;! frllits (:n the tOlllato plallts are up
PI'OXilllUt('ly 1 illch ill <lilllllotllr, This appiil'atiOIl sholll<1 hn fnllowl'(l 
wil h thn'\' addit.iollul u\lplit'atiolls- at illt\!l'Vals of llppl'(JxillUlhdy 10 
dny:-., TllI'l';tl shollid hI' tillll'd so that; tilt, la~t. applicatioll is lIlacle 
aftm' t;ll(' first. IlIarl,et pickiJlg 01' ahout. tit!' tilll(' ·01' tIll' first. ('lllllwr), 

pid,iug, Tlml'l'f()I~', it IIUl,\' lin IIt·('l's:.;al',Y to delay till' last applicatioll, 
dl'JlI~l1tlillg 011 tlw tillln of t\tl\ fir:.;t Ilull'ket pil'killg, 

0" tIl(' hURis (If 1,000 tOlllllto "lullls pel' nCI'II, whidlis the pl'('vailillg 
plaut.ing mtcin ROllt\t('l'lI Califm'uill, the 1lI0st. t'(!ollomi<.'lti re:-Hlits 
haw I~('n ohtnitll'd hy IISillg a I'llllg'e. of fi'Oll1 !!(I til .~ii pOllllds of t;I'YO

litH dllst lllixtlll'C pet' Itcm fOl' l!lld, application. dl!PlllHlillg' Oil tIll' si:r.c 
of nUl pllllltl'i, 01' II totnL of approxilllUtll\Y no pOllllds fOl' the.! ·,ppli
('IIt.ioIlR, III UIlY (Wlmt. it. is illlpoctalltthat the plallts hI' covtm~cl tho\'
\l1l~hl,Y hy tIll' ills.,ctieicle at ('aeh application, Approxilllatdy thl' 
sallie. (l\IIlIIt.it,y Jll!l' at'l'p should ht, uSl'1l in tit.. Sl'l'dI Il'd. 011 yOIlIl~ 
plltllts ill the fillid 10 to Hi JllIlllltIs 1)l\I' :11:1'(\ are \,1~'111ih·d to eove\, 1.,O()O 
plants with a SI"'I'IUI of llhollt 1 foot, illllianwll'r. 

A.Uh(l\l~h ~atil{f!lctlll'Y COlltrol (If th(\ t()lItato pinwo\'lllhus bm~1l oh
tnillPd hy llsill" a t'l'yolit .. lIIixtllm eOlltainillg fi()pt~\'CI'"t (if :.;odilllll 
flllOalllll\iIlHh:, r,dt!'l' 1't'HI1I1H wm'e ohtHilll~tl with II hi~ltcl' :-itrt~llgt.h, If 
til(' 50-pl'l'l't!llt Htn'llgth is m;ea~ the, Itlllll1tit.r pI!!' :\(;t'e ;;lwl1l11 1)(' ill
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ct'ellsed so thllt the same nUlllbet' of pounds nf the uctivc il,grcdicnt, 
sodium f1uolllminate, is applied pel" nct'c, On this basis the !'ate of 
Ilpplication on the plants during the fl"llit-setting pet'iod should mnge 
fl'om 28 to 35 pounds per UCl'e pel' Ilpplicllt:on, 01' It totul of 126 pounds 
fOl' the 4 uppliclltions, .A COl'l:t!sponding inct~ellse should be made 
in the quantity used pel' llCl'e on the young plllnts, 

'Vhere the tomuto pinworm is u minOl' pest, 01' dul'ing seasons of 
light. pinwOl'lll infestlltion, control lllUY be effected hy a tl'eutment 
schedule of 4 upplicRtions of the 70-percent cl'yolite mixture ut 
14-d1lY intet~vllis during the fmit-setting period, provided the fomth 
IIpplil.'utionis mude ufter the fil'St mlu'ket picking, 

}i'UlUlCt: 8,-].'11111111(, 1.llIlItS 1,i1cd ill 11l"ellllrntioll for Iml'lling, liS II cUlltl"lll IIIl'aS\Il'C 
IIgllim,;t the tUlllntll I'iIlWtI\'III, 

Since c('I,tllin cultuml pmctices havc been showll to he f;I\'CII'ahll' to 
pinworlll dt'\'eIQpment, it nlltul'lllly follows thllt SOIIIC lIl()(lification of 
till'se lH'udic('s might a'fol'(l a degree of contml. A prO;.!I'alll of fielcl 
!;anitatic)lt should include the destruction of old tomato planb:uls soon 
as the nUll'ketahle Com!> has been removcd, the bUl'ial of all cull fmit 
at marketing tillie, alld the use of uninf('sted H(·t'cllin~:-;, 'Vhm'e th(':-;e 
pmctices are not ObSCI'\'ctl, now tomato fields should not. he set out 
neal' old plllnt pill's or neUl' old fields ill which til(' pia ntH han' bet'll 
left stunding, If the pluntsal'l.~ to be cut. unci piled tht'Y shoulcl he 
cOllcentl'llted in slIlall stacks within the field ill which they ImveiJc.'Cn 
gl'own (fig, 8), or 011 land that will he plowt'd later, unt.il they al'(' (h'y 
ellou;.!h to hurll, This will allow th(~ pill worm lal'nlt' {hat Itan' 111:1

turNI to pupate in the soil, whel'c they can he e1c'st l'O'yN1 by plowill~ 
us snOIl IlH the plallts have be('11 burned, Tomato g\'OWC~I'S who pn.f(.1' 
to plow the plallts ulldet' usually cut them up wilh a clisk whil(· tlw'y 
an'. still grecn, .. 
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